DOCKET NO. 1000-10-COl 

ARGUMENT 

Rejection of Claims 236, 238, 239, 244, 247, 250, 251, 
253, 257-263, 268-271, 280-285, and 288-290 
Under 35 U.S.C. $112, first para2raph 

Claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280-285 and 288-290 
appear to stand rejected under 35 U.S.C. §112, first paragraph, as failing to comply with the 
enablement requirement. 

As in the case of the 10/02/08 Office Action, the PTO apparently continued to reject 

claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280-285, and 288-290 "under 

35 U.S.C. §112, first paragraph, as failing to comply with the enablement requirement." 

Specifically, the PTO, at pages 2-3, |4 of the 10/02/08 Office Action, stated that: 

The claim(s) contains subject matter which was not described in 
the specification in such a way as to enable one skilled the art to 
which it pertains, or with which it is most nearly connected, to 
make and/or use the invention. 

Applicant disagrees that the scope of protection provided by the appealed claims is not 

adequately enabled by the application disclosure and favorable reconsideration of this rejection is 

requested for reasons set forth below. 

It is axiomatic that enablement issues are determined by consideration of an applicant's 
specification along with knowledge in the art at the time of filing, United States v. Telectronics . 
857 F. 2d 778, 785; 8 USPQ 2d 1217, 1223 (Fed. Cir.1988, cert denied 490 U.S. 1946 (1989). 
Applicant believes that the instant specification, when considered in view of the knowledge in 
the art at the time the application was filed, enables one skilled in the medical art to make and 
use the claimed invention. 

Applicant submits that there are three major points to consider when determining whether 

the instant specification contains a disclosure that would have enabled a skilled person in the 

medical art to make and use the claimed invention within the purview of the statute. The points 
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are: 1) the content and guidance provided in the specification disclosure; 2) the knowledge in the 
art at the time the application was filed; and 3) the skill level in the art. When these points are 
considered, there should be no doubt that Applicant's specification provides an enabling 
disclosure. The three points are discussed below. 

First, there is a considerable body of disclosure relating to Applicant's generic invention 
of repairing organs in human patients, including the heart, by growing new cardiac muscle and a 
new artery and to elected and non-elected growth factors suitable for effecting such repair and 
growth. In this regard, Applicant's specification provides a substantial body of disclosure 
regarding growing and/or replacing organs and/or growing arteries and tissues using well-known 
compositions, which promote soft tissue growth. The specification describes a class of 
compositions for promoting soft tissue that broadly and specifically includes genes, nucleic 
acids, a patient's own cells, universal cells, e.g., stem cells, germinal cells (pages 47 and 48), 
and "enucleated ovum" and "other subunits of a cell" (page 52), which qualify as growth factors 
and are useful for promoting tissue (organ) growth through differentiation and morphogenesis. 
The PTO's selective reading, which ignores Applicant's broad and specific disclosure relating to 
non-elected species disclosure, is clearly erroneous under relevant case law. When an applicant 
elects to prosecute a species following an election requirement, the PTO is not permitted to wear 
blinders and focus solely upon the elected species while ignoring the scope of enablement 
provided by the specification as a whole. There should be no doubt that the specification taken 
as a whole, when properly read and understood by one skilled in the art, meets the statutory 
requirement for enablement under current law. See In re Anderson , 471 F2d. 1237, 176 USPQ 
331, (CCPA 1973) and In re Johnson and Farnham , 558 F.2d 1008, 194 USPQ 187, 195 (CCPA 
1977). 
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That the PTO has failed to review the application disclosure in its entirety is clear from 

the statement at page 6, lines 1-8 of the February 22, 2006 Office Action for co-pending 

application Serial No. 09/794,456 filed February 27, 2001, (of record) that: 

The claims are being examined to the extent that they read on the 
elected invention, administration of cells, and thus the generic 
concept of growth factor is not relevant. T emphasis added ]. 

Second, the PTO has not taken issue with the fact that the administration techniques and 
administered materials disclosed by Applicant were individually old and welf known as of the 
filing date of the instant patent application. The materials and administration techniques 
disclosed by Applicant were routinely employed in the medical art, but not in the claimed 
combination, at the time the parent application was filed. See the Declaration of G. Robert 
Meger filed in co-pending parent application Serial No. 09/064,000 (attached hereto as Exhibit 
A). Dr. Meger' s Declaration demonstrates that the claimed materials and administration 
techniques were individually known in the medical art at the time the parent application was 
filed. Applicant's contribution to the medical arts resides in the claimed method of repairing a 
dead/damaged heart in a human patient by implanting cells and forming cardiac muscle and an 
artery, thereby causing said heart to be repaired. 

The PTO has failed to consider and accord appropriate evidentiary weight pertaining to 
the state of the prior art at the time of Applicant's invention as exemplified by U.S. Patent No. 
5,980,887 to Isner et al. (hereinafter "Isner" and of record) and the Asahara et al. February 14, 
1997 publication in Science entitled, "Isolation of Putative Progenitor Endothelial Cells for 
Angiogenesis," (hereinafter "Asahara" and of record), which was cited in Isner and describes 
therapeutic methods for implanting cells in treating ischemic tissue. Specifically, Isner and 
Asahara are indicative of contemporary prior art knowledge which employed a limited 
subpopulation of EC progenitor stem cells isolated from human bone marrow for promoting 
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capillary growth. Isner and Asahara evidence that those skilled in the art prior to the 1998 filing 
date of Applicant were aware that EC progenitor cells (stem cells) and DNA encoding VEGF are 
alternative angiogenesis promoters for treating blood vessel injuries, i.e., ischemic tissue. Isner 
at column 7, lines 17-23 of the patent, discloses that "any suitable means" can be used to 
administer stem cells, including intramuscular injection. Additionally, U.S. Patent No. 
5,328,470 to Nabel et al. (hereinafter "Nabel" and of record) further evidences that it was known 
in the art that cells and genes can be either locally or systemically (by injection) administered to 
human patients to treat organs affected by disease, including ischemic tissue. Although these 
published works are directed to different inventions than that of Applicants, i.e., employ different 
cells, and other soft tissue formers to achieve different results, they nevertheless apprise one 
skilled in the art of commonly used prior art methods and thus must be taken into consideration 
by the PTO when determining enablement of the claimed invention under 35 U.S.C. §112, first 
paragraph. 

One skilled in the art reading the instant specification's teaching of using stem cells 
harvested from the bone marrow or peripheral blood would understand that the claimed 
invention distinguishes from Nabel, Isner, and Asahara by describing using unfractionated 
(global) bone marrow mononuclear cells for promoting the growth of cardiac muscle and 
arteries. Moreover, there is no basis in fact for determining administering genes and cells for the 
treatment of human diseases involving ischemic tissue requires materially different treatment 
protocols. Applicant's claimed method differs from such existing prior art in regard to the stem 
cell population, i.e., Applicant's invention requires the transplantation of the entire array of 
mononuclear cells harvested from bone marrow and achieves the claimed cardiac muscle and 
artery growth. One skilled in the art being so apprised when reading the instant specification 
would understand that Applicant has provided sufficient information, i.e., the process steps, 
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ingredients and instrumentation essential to grow an artery and cardiac muscle as set forth in the 
claims. 

Third, the PTO has acknowledged that the level of skill in the art to which the invention 
pertains is, high. Applicant agrees that the skill level is high when it is considered that many 
years of education, training, and experience are required in the medical field to achieve a high 
level of skill. Such experience includes the knowledge of prior and contemporary cell therapy 
practices, including the compositions and methodology used in cell therapy procedures. Cf. 
United States v. Telectronics, supra. This is the skill level to which the instant application is 
addressed and which should be applied by the PTO in determining enablement issues in the 
instant application. 

Once the above-identified relevant materials and administration techniques set forth in 

Applicant's specification are properly considered in their entirety, Applicant believes that there 

should be no question that one skilled in the medical art is enabled to make and use the claimed 

invention. This conclusion is reinforced, as noted above, by the fact that the materials and 

administration techniques, but not the inventive results, were well known when the instant 

application was filed. MPEP Section 2164 states that the purpose of the enablement requirement 

is to describe the claimed invention in such terms to permit one skilled in the art to make and use 

the invention. Such Section cautions that detailed procedures for making and using the invention 

may not be necessary if the description of the invention itself is sufficient to permit those skilled 

in the art to make and use the invention. MPEP Section 2164.01 states that: 

A patent need not teach, and preferably omits, what is well known 
in the art. In re Buchner, 929 F2d. 660, 661, 18 USPQ 2d 1331, 
1332 (Fed. Cir. 1991); Hybritech, Inc. v. Monoclonal Antibodies, 
Inc., 802 F2d. 1367, 1384, 231 USPQ 81, 94 (Fed. Cir. 1986) cert 
denied, 480 U.S. 947 (1987); and Lindemann Maschinenfabrik 
GMBH v. American Hoist and Derrick Co., 730 F2d. 1452, 1463, 
221 USPQ 481, 489 (Fed. Cir. 1984). 
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Applicant believes that the above caution is especially relevant to the instant factual situation 
where the Examiner has conceded that there was a high level of skill in the art at the time the 
instant application was filed. The PTO has not taken issue with Applicant's position that all the 
materials, methods, and apparatus needed to practice the invention were well known at the time 
of the invention. Thus, Applicant submits that it is evident that the instant disclosure clearly 
enables one skilled in the medical arts to make and/or use the full scope of the claimed invention 
without undue experimentation because a reasonable consideration of the three above-delineated 
factors and the interaction thereof by a skilled person in the medical art leads to the inevitable 
conclusion that the disclosure is enabling. 

The PTO has the burden to establish and support by convincing objective evidence a 
prima facie case of lack of enablement. For reasons set forth below, Applicant believes the PTO 
has failed to meet such burden. 

At the outset, it is noted that the PTO, at page 4, 16 of the 10/12/08 Office Action states 

that, for the claims on appeal, the determination of a lack of enablement is focused primarily 

with respect to the administration of stem cells harvested from bone marrow and that even if 

claims to such subject matter were enabled, such enablement would not extend to the other 

claimed methods. It is and always has been Applicant's understanding that generic claim 236 

and non-cell claims depending therefrom were only considered by the PTO to the extent they 

were drawn to the elected invention — cells. Applicant notes that at pages 4 and 5, %1 of the 

10/12/08 Office Action, the PTO questions whether bone marrow stem cells were ever identified 

in the specification as a "growth factor" as recited in the claims. As pointed out above, the 

claims drawn to the genus "growth factor" were not the elected invention. The elected invention 

involves cells and, more specifically, bone marrow comprising cellular components such as stem 

cells. It is clear from the instant specification at page 20 that growth factors are defined as 

compositions that promote the growth of soft tissue and include "living organisms," such as 
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cellular compositions. Moreover, the PTO has acknowledged the fact that cells are, reasonably, 
living organisms. See page 33, lines 10 and 1 1, |44 of the 10/12/08 Office Action in this regard. 
Moreover, claims 261-263, 268, and 269 are drawn specifically to stem cells harvested from 
bone marrow, not to the genus growth factor. The specification teaches that bone marrow stem 
cells differentiate during morphogenesis into an organ. See pages 42, 47, and 48 of the 
specification. Page 52 discloses that an enucleated ovum and other subunits of cells qualify as 
growth factors, i.e., induce the formation of tissues and organs. 

The PTO, at the sentence bridging pages 7-8, fll of the 10/12/08 Office Action, states 
that the claims are drawn to "methods of causing formation of an artery that did not previously 
exist. . The PTO further states that "the issue is that the instant specification does not teach the 
skilled artisan how to manipulate these allegedly old materials and methods to achieve the 
remarkable effects required by the claims." Applicant's specification at pages 54, 56, and 62 
clearly defines the claimed term "new artery," and the scope of the claims is legally determined 
by this disclosure. It is clear from such disclosure what Applicant intended the term "new 
artery" to mean, and the claims on appeal must be interpreted accordingly. See Phillips v. 
AWH., Corp., 415 F. 3d 1303, (Fed. Cir. 2005) in this regard. While Applicant agrees that the 
state of the art at the time the instant application was filed does not disclose the growth of new 
arteries, there can be no doubt that post-filing publications of record, including Orlic et al. 

(hereinafter "Orlic"); Strauer et al. 2002 (hereinafter "Strauer"); and Dohmann et al. (hereinafter 

/ 

"Dohmann") confirm Applicant's disclosed and claimed results, i.e., heart repair and formation 

of new cardiac muscle and an artery. Like Applicant, the three above-mentioned post-filing 

publications employed the entire array of bone marrow cellular components, including stem 

cells, not an isolated component thereof such as used by Isner and Asahara. 

Orlic describes injecting bone marrow mononuclear stem cells into rats having infarcted 

hearts and provides autopsy confirmation of the formation of arteries and arterioles (small 
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arteries). Note that Orlic, as well as Dohmann, used the term "smooth muscle actin," to 

positively identify the formation of arteries at autopsies. Orlic used enhanced green fluorescent 

protein to identify the formation of endothelial cells. Unlike capillaries, which are composed of 

endothelial cells, arteries and arterioles additionally require smooth muscle cells. In this regard, 

please see Orlic at page 702, left column, top of page where it is stated that: 

This allowed us to identify each cardiac cell type, and to recognize 
endothelial and smooth muscle cells organized in coronary vessels 
(Fig. 3a-c; see also Supplementary Information). The percentages 
of new (emphasis added by Applicant) myocytes, endothelial cells, 
and smooth muscle cells expressing EGFP was 53 +/- 9% (n=7), 44 
+/- 6%) (n=7) and,49 +/- 7% (n=7), respectively. 

From the foregoing, one skilled in the medical arts would have no difficulty in 

recognizing the Orlic work resulted in growth of new arteries. 

Strauer used the term "neovascularization" (page 1913, abstract) to describe the results 

of the administration of bone marrow mononuclear cells to a heart of a human patient to achieve 

repair. Obviously, neovascularization includes new artery formation, not merely capillary 

formation, in view of the impressive improvement in heart function described at page 1917, top 

of page. Note further at page 1916, right column, paragraph 1 to where it is disclosed that: 

...in several animal infarction models it has been shown that: (1) 
bone marrow hemangioblasts contribute to the formation of new 
vessels (emphasis added by Applicant); (2) bone marrow 
hematopoietic stem cells differentiate into cardio myocytes, 
endothelium, arid smooth muscle cells (emphasis added by 
Applicant) [ref 8-13...] 

Note that "ref 1 1" of Strauer in the above quotation is Orlic. Being that Strauer and Orlic 
administered bone marrow mononuclear cells to achieve heart repair, one skilled in the medical 
art would readily recognize that Strauer also formed new arteries. 

Dohmann provides evidence that earlier trials involving implantation of bone marrow 

mononuclear cells resulted in new artery formation and heart repair via autopsy confirmation on 
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a trial patient. Such trials involved injection (page 2, abstract) of bone marrow mononuclear 

cells into the heart of a human patient to repair the heart. Note that Figures 3C, D ? and E on 

page 9 of Dohmann indicate that the smooth muscle walls comprise many cell thicknesses of 

smooth muscle and that smooth muscle actin was identified in the autopsy. As is well known in 

the medical art, capillaries comprise tubes of one cell thickness. Hence, those skilled in the 

medical art refer to a capillary wall, not capillary walls. 

At page 8, under "Immunocytochemistry Findings," lines 6-8, Dohmann states: 

The vascular tree of the anterolateral wall showed intense 
labeling in the blood vessel walls [emphasis added by Applicant], 
which had a marked hypertrophy of smooth muscle cells (Figure 
3D). 

Dohmann uses the word "new" to describe the formation of blood vessels. See page 1 1, 
paragraph 3, line 1 to the bottom of the page in this regard. Inasmuch as Dohmann, along with 
Orlic and Strauer, describes obtaining endothelial cells and smooth muscle cells, there can be no 
doubt that the formed new blood vessels include newly formed arteries because arteries require 
both endothelial and muscle tissue. 

Such disclosure is clearly contrary to the PTO's unsupported assertion that a new artery is 

not grown. The fact that Applicant, Orlic, Strauer, and Dohmann all administer bone marrow 

mononuclear cells to achieve heart repair and that all three publications describe new cardiac 

muscle and artery formation would be readily understood by one skilled in the art as 

demonstrated above. Regarding the PTO's charge that the specification fails to "teach the skilled 

artisan how to manipulate" stem cells to achieve the claimed results, one skilled in the art would 

understand that except for injecting the stem cells into sites or adjacent to sites of ischemic 

injury, no further "manipulation" is required. Certainly, no manipulation of the injected stem 

cells was described or required by Orlic, Strauer, and Dohmann. Once the stem cells are 

implanted, they foci to the ischemic injury site via predetermined genetic pathways wherein 
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differentiation and morphogenesis promotes the growth of new cardiac muscle and arteries. Of 

particular note is the following statement of William O'Neil found in The Journal of Invasive 

Cardiology , Vol. 17, July 1, 2005, article entitled, "Tissue Engineering and Interventional 

Cardiology" (complete copy furnished by Applicant and of record). The copy originally 

furnished by the PTO was incomplete and did not contain the following quotation: 

... in terms of the degree of our ignorance about the basic science 
in this area. My own feelings is that God - or nature - in His 
infinite wisdom, is a lot smarter than we will be for a few centuries 
yet in terms of the cascade of the processes that actually allow a 
new cell to come in and regenerate. 

The above quote highlights that even the highly skilled medical artisan has limitations. 
The simple answer to the PTO's inquiry is that once the stem cells are locally implanted the 
patient's body completes the formation of the artery. 

The first paragraph of the statue requires nothing more than objective enablement, and it 
is of no importance whether such teaching is set forth by use of illustrative examples or by broad 
terminology. As a general matter, an application disclosure, which contains a teaching of how to 
make and use the invention in terms which correspond in scope to those used in describing the 
invention sought to be patented, is considered to be in compliance with the enabling requirement 
of the statue. In re Marzocchu 58 CCPA 1069, 439 F.2d 220, 169 USPQ 367, 369-370 (1971). 
Further, "Section 1 12 does not require that a specification convince persons skilled in the art that 
the assertions therein are correct." [emphasis added]. In re Robins . 429 F.2d 452, 166 USPQ 
552 (CCPA, 1970). 

When evaluating enablement, it is incumbent upon the PTO to determine what subject 

matter each claim recites, i.e., the scope of protection sought for each claim. The scope of 

dependent claims are properly determined with respect to 35 U.S.C. §112, fourth paragraph. See 

MPEP Section 2164.08. It is clear that the PTO analysis did not treat the subject matter of each 

claim separately or treat the dependent claims according to statutory mandate. 
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The PTO states that the underlying fact at issue is whether or not more than routine 
experimentation would be required to practice the claimed invention and addresses this issue by 
reference to the guidelines established in In re Wands , 858 F.2d 731, 737, 8 USPQ 2d 1400, 
1404 (Fed. Cir.1988). As evidence in support of the non-enablement rejection, the PTO 
apparently has relied upon Strauer as establishing that a determination of cell population is 
critical, citing pages 1916-1917 of the publication. The PTO fails to point to any specific 
teaching in the record which supports this proposition, and for good reason. Careful review of 
this publication fails to reveal any teaching that experimentation was required to determine cell 
population. 

At page 8, If 12 of the 10/12/08 Office Action, the PTO stated that nothing in the record 
indicated that the PTO agreed that the addition of the limitation "forming new arteries" led to a 
determination of enablement. Applicant never suggested such determination and merely 
identified the antecedent basis for such term in the specification. In fact, the record indicates that 
the language was added at the suggestion of the PTO to define over the Murry et al. publication 
(of record). 

At pages 9-10, til 13 and 14 of the 10/12/08 Office Action, the PTO takes issue with 

Applicant's citation of Nabel (of record) as evidencing that methods and apparatus employed by 

Strauer were well known. Such contention ignores the fact that no experimentation was required 

by Strauer because old, well known methods and apparatus, such as the off-the-shelf angioplasty 

technique of Nabel, were used. Applicant cited Nabel to show that experimentation as to 

administration technique was not required by Strauer. The fact that Nabel failed to use the type 

of cells necessary for achieving the claimed result, i.e., growing new cardiac muscle and new 

arteries, does not detract from the fact that such administration was known in the medical art 

prior to Applicant's filing date. Applicant relied upon Nabel to provide evidence that 

angioplasty techniques could be used to deliver therapeutic compositions, such as cells, to the 
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humans prior to Strauer' s published work as well as Applicant's filing date. Hence, no 
experimentation was required by Strauer regarding the delivery technique. 

The PTO opines at pages 1 1-13, 115 of the 10/12/08 Office Action that, ". . .it is still clear 
that considerable experimentation was done, if not by Strauer, then by others, in order to 
determine the effective cell population" without citing any authority. Applicant teaches that the 
entire array of bone marrow mononuclear cell components contribute to the regeneration of 
ischemic tissue; and such teaching is consistent with Orlic, Strauer, and Dohmann, which 
confirm that mononuclear bone marrow cell components promote new cardiac muscle and new 
artery growth. In the absence of evidence provided by the PTO showing experimentation "by 
others," the record supports Applicant's position that no undue experimentation would be 
required in order for one skilled in the art to practice the method defined in the claims on appeal. 
Rather, one skilled in the art having read Applicant's specification would readily understand that 
the placement of the entire array of stem cells harvested from bone marrow or blood in the body 
of a human patient would cause the formation of a new artery. Of course, such placement 
techniques are well known and documented in the art, leaving no need for more than routine 
experimentation. In this regard, see the comments contained in the article in The Journal of 
Invasive Cardiology , Vol. 17, July 1, 2005, entitled, "Progenitor Cell Transplantation and 
Function following Myocardial Infarction" (complete copy furnished by Applicant and of 
record). A complete copy of the above article and was furnished because the copy furnished by 
the PTO was incomplete. 

In the above-mentioned article, Dr. Pollman indicated that the TOPCARE study, "...uses 
a simple syringe injection system loaded with... bone marrow..." [Emphasis added]. Applicant 
believes that such quotation supports its position that no more than routine experimentation 
would be required to administer the materials of the claimed invention. 
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Contrary to the PTO's assertion at page 11, first line of 1fl5 of the 10/12/08 Office 
Action, S trauer — just like Applicant — does not disclose that stem cell population is critical and 
does not describe any experimental protocol for selecting and isolating certain cells from the 
entire cell population described for the treatment therapy. 

The concept of containment to prevent backflow and prolong contact time is clearly 
taught by Nabel. Thus, contrary to the PTO's assertion, it is clear that Strauer did not require or 
perform any experimentation to choose an appropriate delivery system or devise a containment 
system that would prevent backflow of cells and thus provide a prolonged time for cell 
implantation. Rather, such choice constitutes no more than the routine use of a well-established 
delivery system. 

Strauer does not describe using any experimental protocol to determine appropriate cell 

population, i.e., there is no requirement for using a specific subset of bone marrow stem cells . 

Regarding time of treatment, Strauer does not disclose that determining time of treatment 

required experimentation. It is clear from the record that the treatment of myocardial infarction 

(MI) in human patients exhibiting either acute or chronic disease is considered. Strauer elected to 

treat patients from five to nine days after suffering an MI. Note that in a later publication in 

Circulation of Strauer et al. in 2005 (hereinafter "Strauer 2005" and of record) discloses treating 

chronic MI in patients that had transmural MI some 27 months earlier. Again, no 

experimentation regarding treatment time was noted. It is evident that the time of treatment 

following an MI is not a critical variable, and undue experimentation would not be required. To 

the extent that the PTO may be relying on Strauer to establish that the time of administration is 

critical, Applicant points out that Strauer 2005 is the "best evidence" in regard to whether time of 

treatment in human patients is critical. Strauer 2005 teaches that stem cells can be used to 

successfully treat MI in human patients suffering either acute or chronic disease. Moreover, 

Isner also does not indicate that time is critical in the treatment of humans exhibiting ischemic 
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heart tissue, and this was not viewed as an impediment by the PTO. Thus, the PTO's conclusion 
that "great quantities of experimentation" would be required to practice the claimed invention is 
not supported on the record and is fatally flawed. 

The PTO's reference at pages 11-13, f 15 of the 10/12/08 Office Action to "dark data," 
while interesting in a conspiratorial sense, is entitled to zero evidentiary value. Clearly, it defies 
logic to utilize a negative to support a positive. The PTO's statements relating to asserted 
widespread "unethical" practices of researchers in the medical arts is truly amazing and perhaps 
revealing of a deeper social problem. Does the PTO actually take the position that medical 
professionals, like Dr. Strauer and his colleagues, commonly withhold "failed" data that could be 
helpful/harmful to others? Equally amazing is the present PTO Examiner's self imposition of 
Official Notice. Apparently, the present PTO Examiner is not familiar with the legal concepts of 
judicial notice (or administrative notice in the context of patent prosecution) and burden of proof. 
If an examiner wishes to establish himself/herself as an expert based upon his or her personal 
experience as a former researcher regarding the practice of "unethical" data reporting, then be 
advised that the proper evidentiary vehicle is in the form of a sworn instrument, along with its 
legal implications. Unethical practices such as these typically become "bread and butter" for 
product liability lawyers. In the absence of such a sworn statement, the present PTO Examiner's 
taking administrative notice does not rise to the level of evidence, should be disregarded by the 
Board; and consequently, be treated as nothing more than unsupported hubris. 

The PTO posits in the 10/12/08 Office Action at pages 13 and 14, Hfl6-17 that the 

specification does not provide "...guidance for, or even suggest the use of bone marrow stem 

cells, any kind of stem cells, or cells of any kind, to grow an artery or repair a heart." Attention 

is directed to pages 47 and 48 of the specification wherein guidance is provided for forming soft 

tissue organs by direct differentiation and morphogenesis by reimplanting a patient's own cells, 

such as "growth of an artery" (page 48, line 3) which in "some cases [comprise] stem cells" 
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(page 48, line 13). It is illogical for the PTO to contend that pages 47 and 48, particularly when 
read in light of the specification as a whole, provide no guidance to one skilled in the art for 
reimplanting a patient's own stem cells and growing an organ, such as an artery, by direct 
differentiation and morphogenesis. Guidance for harvesting stem cells from the bone marrow of 
the patient for reimplantation to promote morphogenesis of soft tissue is provided on pages 40- 
42 of the specification. One skilled in the art reading the instant specification's teaching of using 
stem cells harvested from^the bone marrow or blood of the patient would understand that the 
claimed invention distinguishes from Isner by describing using unfractionated (global) bone 
marrow mononuclear cells. As pointed out earlier, there is no basis in fact for the PTO to 
determine that the instant specification provides guidance to one skilled in the art for implanting 
anything other than the entire array of bone marrow derived cells harvested from the patient's 
bone marrow. Whether one uses the terms "global," "whole population," "unfiltered," and 
"unfractionated" matters not a whit. Certainly, unlike Isner and Asahara, the concept of 
isolating/separating of a component of the entire array of bone marrow stem cells is not 
implicitly or explicitly contemplated or described in the instant specification. Reading and 
interpreting the disclosure to include such concept is improper because it distorts the 
reasonable/intended guidance provided to one skilled in the art by Applicant's specification. 
Isner serves as contemporary prior art for apprising one skilled in the art of regenerative medical 
procedures for direct intramuscular injection of DNA encoding VEGF or EC progenitor stem 
cells to promote angiogenesis by increasing capillary blood vessels in ischemic tissue. One 
skilled in the art being so apprised and reading the instant specification would understand that 
Applicant has provided sufficient information, i.e., the process steps, instrumentation, and stem 
cell compositions essential to grow an artery to enable one skilled in the art to practice the 
method set forth in the claims in issue. 

- 18- 



DOCKET NO. 1000-10-COl 

The PTO's arguments bridging pages 14 and 15 5 HI 7-19 of the 10/12/08 Office Action 

attempting to establish that "the scientific considerations of handling, dosage, carriers, etc. are 

completely different" for handling nucleic acids vis-a-vis cells are inapt at best. The Examiner's 

"apples to oranges" analogy misses the point and misstates Applicant's position. The point that 

Applicant was making was that while the selection of materials is different, the administration 

and apparatus is substantially similar, if not identical, for genes and cells. A simple hypodermic 

syringe is used in each instance. The PTO has not provided any evidence to rebut this point. 

Those skilled in the art are well versed in the compositional differences, handling, and 

administering techniques involved in employing these therapeutic agents. The PTO's argument 

presupposes that the disclosure of Isner is limited solely to the claims therein - that the 

knowledge gleaned by one skilled in the art reading Isner would be so limited. This is clearly 

not the case. Isner at column 2, line 9 to column 3, line 27 clearly teaches that it was known that 

intramuscular injection of DNA encoding VEGF into ischemic tissue induces the growth of 

capillary blood vessels and describes as an improvement to the state of the art an alternative 

method for promoting angiogenesis involving in vivo implantation of cells, specifically EC 

progenitor stem cell fractions into sites of blood vessel injury. Isner describes obtaining bone 

marrow-derived mononuclear cells containing stem cells by using techniques similar to those 

previously used in the medical arts for obtaining hematopoietic stem cell (HSCs) therapeutic 

compositions commonly used in bone marrow transplantation. These are the same common 

techniques used by Strauer and contemplated in the instant specification for recovering BMC's. 

Isner differs from such common practice by separating EC progenitor cells for implantation into 

patients. Isner teaches that once implanted, the EC progenitor cells selectively migrate to the 

foci of blood vessel injury without any further manipulation by the medical practitioner- that the 

patient's body completes the formation of the blood vessels. Notwithstanding PTO classification, 

one skilled in the art would understand from reading Isner and the instant specification that stem 
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cell therapy and gene therapy are considered alternative methods for promoting angiogenesis by 
those skilled in the medical arts. 

The PTO's arguments raised at pages 16-19, 1ffl20-23 of the 10/12/08 Office Action are 
moot in regard to Applicant's elected invention cells and more specifically stem cells presently 
on appeal. Pursuant to the PTO's prior restriction requirement, Applicant elected "cells" as the 
growth factor for examination purposes. Such election resulted in claims 240-242, directed to the 
growth factor "genes," being withdrawn from consideration by the PTO. Attention is also 
directed to the fact that numerous restriction requirements between "gene" and "cell" growth 
factors have been consistently made by the PTO. In fact, continuation application Serial No. 
1 1/605,153 filed November 28, 2006, contains such a restriction requirement and thus confirms 
that the PTO considered "cells" to be a specie of growth factors. Accordingly, the present PTO 
Examiner's allegation that cells are somehow not growth factors is manifestly inconsistent with 
prior PTO determinations, including in this application and its continuation application, as well 
as the plain meaning of such term set forth in Applicant's specification. Once the present PTO 
Examiner reads the specification in a reasonable manner, there can be no doubt that cells are a 
growth factor. See Phillips v. AWH, Corp. , supra. In any event, while dictionary definitions of 
the term "growth factor" maybe of academic interest, they do not alter the status of the elected 
invention. The error arose from the PTO's continuing rejection of unelected generic growth 
factor claims. Applicant responded to the rejection of the generic claims to quiet any possible 
estoppel issues. 

As pointed out earlier, the term "growth factor," as used by Applicant in the context of 

the described and claimed invention, is defined on page 20 of the instant specification as 

comprising a composition which promotes the growth of soft tissue, and specifically, as an 

angiogenesis promoter for artery growth. Applicant's disclosure is not inconsistent with that of 

Alberts et al. in Molecular Biology of the CelK 4 th Ed., 2002, (of record). Moreover, Dr. Isner, as 
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well as Declarants Drs. Richard Heuser and Andrew E. Lorincz, recognized that both cells and 
genes promote soft tissue growth. Both DNA encoding VEGF and EC progenitor cells are 
described by Isner as promoting the growth of soft tissue, capillary blood vessels. Clearly, one 
skilled in the art appraised of the teachings of Isner relating to the properties of both genes and 
cells when reading the instant specification would find ample guidance for injecting either DNA 
encoding VEGF or cells, such as stem cells, for promoting the growth of arteries to treat 
ischemic tissues in humans. This conclusion comports with Paragraphs 7 of Declarants' opinions 
(Fourth Supplemental Declaration of Dr. Heuser and Third Supplemental Declaration of Dr. 
Lorincz, both of record). These declarations express the opinions that one skilled in the art 
would understand that Applicant's specification disclosed the concept that intramuscular 
injection would be applicable for use in growing an artery in a human patient regardless of 
whether the composition was a "gene; cell, including stem cells such as bone marrow stem 
cells." 

The PTO's contention that, "The specification provides no guidance along the lines of the 
details worked out by Strauer" is misplaced. Firstly, none of the claims on appeal require the use 
of an angioplasty balloon catheter; and, therefore, it is improper for the PTO to look solely to 
Strauer for guidance. A more proper model to compare with would be Isner. Secondly, 
application Examples 18, 19, and 36 describe a detailed regimen for treating a patient with a 
damaged heart by injecting a nucleic acid growth factor for promoting artery growth, which 
includes mode, dosage, and means for evaluating success of treatment, which is similar to the 
regimen disclosed by Isner. Specifically, Example 18 (page 53, line 25 to page 54, line 4) 
describes a regimen wherein cDNA is injected slowly and which employs a containment system 
to prolong contact time and to avoid leakage or wash away. The application disclosure also 
teaches on pages 40-42, 47, and 48 utilizing autologous stem cells harvested from bone marrow 



-21 - 



DOCKET NO. 1 000- 1 0-CO 1 

and blood of the patient (self-cell therapy) or from cell cultures (allogenic) to grow organs, i.e., 
arteries, by differentiation and morphogenesis ( page 48). 

The 10/12/08 Office Action, at pages 19-25, fflj 24-33, addresses the calculus employed 
by Applicant relating to guidance provided by the specification for determining dosages of cells 
(stem cells) for promoting morphogenesis. 

At the outset, it is axiomatic that claims do not have to recite dosage levels where dosage 

levels would be understood by those skilled in the art. It is clear from Strauer, as well as prior art 

medical practices relating to bone marrow transplants in general, that it is difficult to over-dose, 

especially when dealing with implantation of autologous BMC's. As succinctly stated in MPEP 

Section 2164.01(c): 

It is not necessary to specify the dosage or method of use if it is 
known to one skilled in the art that such information could be 
obtained without undue experimentation. If one skilled in the art, 
based on knowledge of compounds having similar physiological or 
biological activity, would be able to discern an appropriate dosage 
or method of use without undue experimentation, this would be 
sufficient to satisfy 35 U.S.C. 1 12, first paragraph. 

The PTO, at page 19, 124 of the 10/12/08 Office Action, challenges Applicant's reliance 
upon Examples 18, 19, and 36 for guidance in selecting cell dosages. Applicant believes that 
these Examples provide guidance of dosages and methods of use for compositions in general 
described in the specification having the requisite physiological activity for inducing 
angiogenesis. Moreover, one skilled in the art would understand from Isner that intramuscular 
injection of DNA encoding VEGF or EC progenitor cells (stem cell fractions) promote capillary 
blood vessel growth. Examples 18, 19, and 36 of the specification describe methods for carrying 
out the invention including dosage amounts for compositions used to promote artery growth and 
heart repair. Applicant's specification describes new artery growth and heart repair by direct 
intramuscular injection of DNA encoding VEGF into ischemic tissue in dosage ranging from 

-22- 



DOCKET NO. 1 000- 1 0-CO 1 



approximately 250 micrograms (Examples 18 and 36) to approximately 500 micrograms 
(Example 19). This weight readily converts to a dosage of cells ranging from approximately 

« 6 1 

6.25 x 10 and 12.5 x 10 . Available off-the-shelf cDNA clones (nucleic acids) are directly 
injected into either the cardiac muscle (Example 19) or the coronary artery (Example 36). Each 
example describes repairing a damaged heart by forming a new artery which results in increased 
coronary blood flow. Each example also discloses slowly injecting the growth factor to avoid 
any carry away. Example 18 discloses that a containment system may be used. While these 
examples employ nucleic acids, the specification, as well as Isner and Asahara, teach that cells 
and genes possess similar physiological activity. The specification differs from Isner and 
Asahara by achieving the formation of an artery to repair a dead or damaged portion of a heart. 
The art skilled would be able to easily convert genes to cells on a weight basis of mononuclear 
cells to achieve the same functional outcome. Note in this regard that Strauer discloses injecting 
six (6) to seven (7) times with 1.5 to 4 x 10 6 cells without disclosing any difference in results 
over the entire dosage range. Therefore, there is no significant clinical difference between 
Applicant's 6.25 to 12.5 x 10 6 and Strauer' s 9 to 28 x 10 6 dosage ranges. Further, such skilled 
person would understand that intravenous or intraluminal administration routes would generally 
require larger doses than the direct injection route of Examples 18, 19, and 36, and, for example, 
simply doubling the dosage to 12.5 to 25 x 10 6 cells would essentially encompass Strauer' s entire 
range. 1 It is clear from Strauer that there is no risk for over-dosing, particularly when using 
autologous BMC's, which are contemplated in Applicant's specification. The nontoxicity of 
autologous BMC's dosages was established over decades in the medical arts in the treatment of 

1 The conversion for dosages of nucleic acids to corresponding dosages of cells was conducted as follows. 
Examples 19 and 36 specified dosages of 500 micrograms (ug) and 250 ug, respectively. The weight of nucleic 
acids of an average cell was considered to equal 40 picograms (pg). The described dosages of 250 and 500 ug when 
converted to pg by multiplying by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since nucleic acids of an average cell 
have an average weight of 40 pg, a conversion is made by dividing 250 x 10 6 and 500 x 10 6 by 40 to arrive at the 
equivalent cell dosages, which are 6.25 x 10 6 and 12.5 xlO 6 , respectively. 
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cancer. Further evidence of the reasonableness of the calculus used by Applicant for 
extrapolating dosages; across the range of cells and genes can be found in Isner. In this regard, 
note that the cell and nucleic acid doses disclosed by Isner fairly compute on a weight to weight 
basis. For example, using 2,000 micrograms as a preferred dosage of nucleic acid described by 
Isner one skilled in the art applying Applicant's calculus could extrapolate to a cell dosage of 
about 50x1 0 6 , which falls within the range specified for cells by Isner 2 . cf. In re Bundv , 642 F. 
2d 430, 434, 209 USPQ 48, 51-52 (CCPA 1981). 

Applicant believes that the present PTO Examiner's opinion proffered at pages 21-23, 
ffl[28-30 of the 10/12/08 Office Action in regard to the dosage extrapolation is unwarranted and 
lacks proper decorum. The Third Supplemental Declaration of Richard Heuser (of record and 
originally filed in co-pending application Serial No. 10/179,589) and the Second Supplemental 
Declaration of Andrew E. Lorincz (of record and originally filed in co-pending application Serial 
No. 10/179,589) confirm and establish as a fact that the extrapolation was long known in the art 
and provides an expert opinion that Applicant's reliance thereon is reasonable. Notwithstanding 
the clairvoyance of the present PTO Examiner expressed at page 23, 1J30 of the 10/12/08 Office 
Action, the above-mentioned respective Declarations of Drs. Heuser and Lorincz speak for 
themselves and confirm the reasonableness of Applicant's conversions. It matters not a whit 
whether or not Drs. Heuser's and Lorincz's specialties reside in expertise in molecular biology. 
The declarations are what they are — declarations expressing the opinions of experts in the 
medical field — not of a microbiologist having no experience in the medical field and 
consequently having no practical experience and knowledge of dosage practice in the medical 
art. It is again emphasized that the extrapolated dosages compare favorably (overlap) with the 

2 The conversion for Isner'887 dosages of nucleic acids to corresponding dosages of cells was conducted as above. 
The 2,000 microgram dosage was converted to pg by multiplying by 10 equals 2000x1 Opg. An average cell weight 
of 40pg was used for nucleic acid as consistent with the above. The conversion was then made by dividing 
2000xl0 6 by 40 to arrive at an equivalent cell dosage of 50xl0 6 , which dosage falls within the range specified for 
cells by Isner'887. 
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dosages of global bone marrow cells used by Strauer for promoting angiogenesis in treating 
myocardial infarction in human patients and the cell dosages used by Isner for promoting 
endothelial tissue growth, thereby confirming the reasonableness of the respective Declarants' 
opinions. 

In summary, the PTO's ad hominem criticism of Applicant's conversion fails to 
adequately give weight to its evidentiary value. Applicant's evidence establishes as a material 
fact that physicians have long used conversion charts/formulas for estimating dosages of cells 
from nucleic acids and vice versa. It is clear from the record that cell survival and differentiation 
are not paramount considerations in determining cell dosages because the general practice is to 
employ multiple dosages because stem cell overdosing has not proved to be problematic. Most 
importantly, there is no guidance proffered in Isner regarding the need to employ disparate 
treatments for the delivery of cells vis-a-vis genes. Those skilled in the art are aware that safe 
dose ranges have been established over years of medical practice directed to bone marrow 
transplant of cells. 

On page 26, 135 of the 10/12/08 Office Action, the PTO states that neither the 
specification's use of prophetic examples nor claiming something that has not been done before 
are the basis for the enablement rejection. It has been Applicant's understanding from the 
beginning that prophetic disclosures are permitted under the rules, statute and case law. 
However, the PTO concludes, without further explanation, that the lack of actual examples 
"contribute significantly," i.e. was a contributing factor along with "other Wands factors" in 
determining of lack of enablement. It is the burden of the PTO to specifically and precisely point 
out why the absence of specific working examples, along with any "other Wands factors" 
support a prima facie case of non-enablement. Applicant submits that the PTO has not met such 
burden. 
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While Applicant agrees with the PTO that the medical arts in general and the 
physiological reactions involved may be complex, the practice of the claimed invention is 
straightforward. In the previously-mentioned publication entitled, "Progenitor Cell 
Transplantation and Function following Myocardial Infarction," Dr. Richard Heuser, a Declarant 
of record, in connection with the TOPCARE study stated that, "The first time I saw this 
technique presented by the group in Frankfurt, I was astonished at how simple it actually was." 
Such quotation, although contained in the full copy of the above article, was omitted in the copy 
furnished by the present PTO Examiner. In any event, the called-for cells, e.g. bone marrow 
cells, the methods for administering, and the particular apparatus required for administering the 
cells are old and commonly used in cell therapy; and thus, the practice of the invention is not 
deemed to be complex. 

At page 26, f36 the 10/12/08 Office Action, the PTO acknowledges that it, "cannot, and 
does not, demand human clinical trials to demonstrate enablement..." Applicant appreciates 
such pronouncement since the previous actions by the PTO lead Applicant to believe that the 
method and manner of making the claimed invention was the predominant contributing factor in 
the PTO's determination of lack of enablement. Applicant referred to the claims in Kornowski et 
al. U.S. Patent No. 7,097,832 (hereinafter "Kornowski" and of record) as being drawn to treating 
humans as prophetic, not to challenge the enablement of such patent. It is and has been 
Applicant's position that actual working examples, whether animal or human, are not required. 

At page 27, f37 of the 10/12/08 Office Action, the PTO puts forth the proposition that 

there is a higher "enablement" standard required by the statute for "cases that involve 

unpredictable factors such as most chemical reactions and physiological activity" while citing 

case law presumably "codifying" such a higher standard. In other words, the PTO is placing a 

higher burden on Applicant to support enablement because of the nature of the claimed 

invention. The PTO is relying on case law because the first paragraph of Section 1 12 does not 
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embody such a separate requirement for chemical and physiological related inventions vis-a-vis 

other classes of inventions. What is certain is that the question of enablement must be determined 

on a case-by-case basis taking into consideration the facts presented. The specification discloses 

all the information that is needed for one skilled in the art, for example, to: 1) select bone 

marrow stem cells harvested from the patient; and 2) intramuscularly inject said stem cells into 

sites of ischemic tissue for promoting differentiation and morphogenesis into new blood vessels, 

i.e., arteries, and to grow cardiac muscle. 

The import of the references cited by the PTO at page 28, f38 of the 10/12/08 Office 

Action as evidence of the uncertainty in the art as to the "precise population of cells that give rise 

to endothelial cells" is not understood. The population of cells included under bone marrow 

stem cells was discussed above on page 25 of the instant Response in connection with pages 13 

and 14, ^[16-17 of the 10/12/08 Office Action. Such population was thoroughly discussed and 

distinguished over the sole CD 34+ progenitor cells of Isner and Asahara. In regard to Isner and 

Kornowski, only the latter relies upon the entire array of bone marrow cells as claimed in the 

present application. Although Kornowski uses the same population of bone marrow cells as 

claimed, Kornowski is not a competent reference due to its filing date. Isner, as discussed 

earlier, utilizes a different composition consisting of EC progenitor cells. The PTO failed to 

articulate how such references are relevant to establishing a prima facie case of lack of 

enablement of the subject matter called for by the appealed claims vis-a-vis the objective 

enablement provided by the instant specification. To the extent the PTO is challenging the 

predictability of Applicant's described heart repair by promoting artery growth through 

implanting BMC's, Dohmann describes the results of implanting BMC's to provide heart repair 

and thus suffices to allay such challenge. Dohmann provides autopsy proof that such heart repair 

involves artery growth. Regarding "prior art," none has been identified or cited by the PTO 

against Applicant's claims — and for good reason. Applicant was the first to disclose and claim a 
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method for human heart repair by implanting cells, such as stem cells, and growing a new artery. 

The PTO has also cited and relied upon the post-filing Rabelink et al. publication entitled, 

"Endothelial Progenitor Cells: More Than an Inflammatory Response?" in Arteriosclerosis. 

Thrombosis, and Vascular Biology , (hereinafter "Rabelink" and of record) to support a lack of 

enablement conclusion. The PTO alleged that this publication constitutes subsequent 

experimentation that evidences a factual uncertainty as to which cells give rise to endothelial 

cells. A review of Rabelink evinces that this publication is directed to the effect of circulating 

endothelial cells in response to hypoxia and the possibility of cardiovascular risk factors when 

therapeutically mobilizing such cells. There is nothing in Isner or Rabelink that teaches that EC 

progenitor cells will result in artery formation. Dohmann revealed no adverse histological 

findings after an eleven month follow-up of human patients treated with bone marro y w stem cell 

implantation. Moreover, Dohmann constitutes the best evidence because, unlike Isner and 

Rabelink, Dohmann' s process, materials, and results correspond to the claimed invention. Any 

uncertainty is clearly put to rest by the autopsy findings disclosed by Dohmann. The PTO's 

summary determination that undue experimentation would be required to provide the art skilled 

with "factual certainty" that the inventor, Dr. James P. Elia, was in possession of the "complete 

invention as it will be used in practice" lacks factual support. The PTO has failed to critically 

review the entire record and present a factual analysis which supports such determination. 

The PTO in the 10/12/08 Office Action at page 29, f39 foists the contention that the 

specification fails to disclose with specificity "which cells would work" for promoting growth of 

an artery by gratuitously disparaging unclaimed inventions described by the inventor. Applicant 

has continuously argued, and cited legal authority supporting the proposition, that the entire 

specification disclosure must be considered by the PTO when determining whether the claimed 

subject matter on appeal reasonably finds descriptive and enabling support therein. However, 

such argument does not open the door to the present PTO Examiner's gratuitous and sometimes 
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derogatory expressions of opinion concerning unclaimed inventions. The PTO examination 
process is not and should not be an adversarial proceeding. 

The PTO's contention that the specification provides no guidance for selecting cells that 
would or would not work when practicing the invention simply ignores the written text of the 
disclosure. The specification clearly teaches that pluripotent stem cells, such as bone marrow 
mononuclear cells, promote the growth of arteries and cardiac muscle. Workers as early as the 
Caplan's 1991 publication in Journal of Orthopaedic Research , entitled, "Mesenchymal Stem 
Cells" (of record) reported the pluripotency characteristic associated with bone marrow stem cell 
populations, i.e., their ability to form multiple soft tissue types. The pluripotent characteristics of 
hematopoietic stem cells harvested from bone marrow were recognized and have been utilized in 
the treatment of cancer for decades. One skilled in the art reading the specification would 
understand that pluripotent stem cells are essential for forming the multiple tissue types that are 
required for organ formation. Consequently, a person skilled in the art would understand that 
unipotent stem cells, such as the EC progenitor cells employed by Isner and Rabelink, would not 
differentiate into an organ, such as an artery, because an artery contains muscle tissue. Thus, the 
PTO's erroneous focus upon Isner and Rabelink is not relevant to the claimed invention, which 
requires formation of an artery and cardiac muscle. Paragraph 7 of the Fourth Supplemental 
Declaration of Dr. Heuser and the Third Supplemental Declaration of Dr. Lorincz (originally 
filed in co-pending Application Serial No. 10/179,589 and attached hereto as Exhibits B and C, 
respectively) confirm the fact that EC progenitor cells cannot and do not form an artery. 

The PTO criticized Applicant's reliance upon Examples 11 and 14-16. Applicant 

referred to Examples 11 and 14-16 as disclosing the use of bone marrow stem cells for 

promoting differentiation and morphogenesis into tissues and organs. Such Examples were not 

relied upon to specifically show artery growth, although those skilled in the medical art would 

understand that growth of a tooth, kidney, or eye requires the growth of an artery. This further 
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comports with the disclosure in the specification at pages 47 and 48 and paragraphs 7 of the 
Fourth supplemental Declaration of Dr. Heuser and the Third Supplemental Declaration of Dr. 
Lorincz (see page 29 of the instant Response) which directs the use of autologous stem cells. 

At page 30, T[40 of the 10/12/08 Office Action, the PTO refers to page 37 of the 
specification as failing to suggest using cells to grow an artery. Applicant has not asserted that 
guidance is provided by such text for using a cell to grow an artery. Lost is the fact that line 26 
on this page teaches that growth factors include cellular products and their derivatives. 
Applicant's general statement that "any host cell, cloned cell, cultured cell, or cell would work," 
was not intended to support the notion "that any cell can do anything." While such disclosure is 
prophetic in nature, it has at least found support in recent cell therapy studies involving fat cells 
and induced pluripotent cells such as skin cells. 

At pages 30 and 31, ffl[41 and 42 of the 10/12/08 Office Action, text from the 

specification is correctly cited. The 10/12/08 Office Action in |42 mischaracterizes the intended 

meaning of this disclosure by stating that it only applies to the use of "skin cells." To one skilled 

in the medical arts, Applicant's disclosure teaches that a patient's own cells can be used to 

induce growth of an organ or function-specific tissue and that germinal cells and stem cells are 

contemplated to be used for inducing direct differentiation and morphogenesis into an organ. 

Note specifically that pages 37+ of the specification teaches that stem cells and germinal cells 

can be reimplanted to promote the growth of complex tissues (organs) in a patient's body. One 

skilled in the art would readily understand that reimplanting a patient's own stem cells comprises 

implanting autologous bone marrow stem cells. While the Examiner may not understand what 

the term "germinal cell" includes, those skilled in the art are aware that a germinal cell is a cell 

which divides into other cells. In plain terms, a germinal cell is a cell that is capable of 

differentiating. Thus, the language "germinal cells (and in some cases, stem cells)" clearly 

defines cells that are capable of direct differentiation and morphogenesis into an organ, e.g., 
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pluripotent cells capable of inducing growth of multiple tissues. The PTO's position in ^[43 of 

the 10/12/08 Office Action that even if the disclosure can be said to disclose using stem cells to 

grow an artery, it merely suggests an idea without teaching the skilled artisan how to do it lacks 

merit. Once the concept of using bone marrow stem cells to grow arteries is revealed to a skilled 

artisan, the mode and mechanisms for implantation are readily within the skill of such a person. 

The PTO in the 10/12/08 Office Action in |44, appears to concede that it is a fact that cells are 

reasonably "living organisms." Therefore, the specification on page 20 reasonably defines 

"growth factor" as including cells that promote organ growth, which comports with Alberts' 

definition of growth factor. 

At page 33, ^45 of the 10/12/08 Office Action, the PTO necessarily raises an issue that 

actual experiments (working examples/clinical trials) are required establish enablement for the 

claimed invention yet fails to specifically identify what protocol is missing from Applicant's 

specification that would prevent one skilled in the art from practicing the claimed subject matter. 

The PTO's remarks involving "writing it down," absent evidence or sound reasoning, is 

insufficient to overcome the objective enablement provided by the specification. In re 

Marzocchl 58 CCPA 1069, 439 F.2d 220, 169 USPQ 367, 369-370 (1971). Apparently, the 

PTO fails to appreciate that the act of "writing down" a "prophetic" example, which describes an 

embodiment based upon predicted results rather than work actually conducted, is sufficient to 

satisfy a constructive reduction to practice. See MPEP 2164.02 and cited case law that stands for 

the proposition "the mere fact that something has not previously been done clearly is not, in 

itself, a sufficient basis for rejecting all applications purporting to disclose how to do it." In re 

Chilowskv, 29 F. 2d 457, 461. 108 USPQ 321, 325 (CCPA 1956V Nor does the use of prophetic 

examples automatically render a specification non-enabled. The burden is on the PTO when 

challenging enablement to show by clear and convincing evidence that the prophetic examples, 

when combined with the disclosure as a whole and in view of the knowledge in the art as of the 
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filing date of the application, does not meet the enablement requirements if the statute. It is 
clear on this record that the PTO has not discharged such a burden. Cf Amgen, Inc.v. Chugai 
Pharmaceutical Co ., 927 F2d. 1200 ? 18 USPQ 2d 1016 (Fed. Cir.), cert, denied, 502 U.S. 856, 
(1991). The PTO has acknowledged that it determines enablement on a case-by-case basis and 
does not require even in vivo evidence. This is clear from Kornowski, which contains claims 
drawn to a cell therapy treatment of humans requiring the implantation of bone marrow stem 
cells in the heart to grow collateral blood vessels based on a prophetic disclosure. Not being 
skilled in the medical art, the present PTO Examiner appears to be challenged by the term 
"cascade of genetic material" as used in the specification at page 37. The PTO's attention is 
again directed to the quotation of William O'Neil set forth on page 19 of the instant Response, 
which is evidence that those skilled in the medical art reading the specification would fully 
understand the terminology used by Dr. Elia in describing the necessary in vitro cascade of 
processes that allow implanted cells to regenerate in a patient's body. Also as mentioned above, 
in connection with Dr. O 'Neil's quotation, the present PTO Examiner omitted such quotation in 
the copy of the article furnished to Applicant. 

The PTO Examiner at pages 34-37, ^[47, 48 of the 10/12/08 Office Action cited two 
internet articles published in The Journal of Invasive Cardiology , Vol. 17, July 1, 2005, entitled, 
"Tissue Engineering and Interventional Cardiology" and "Progenitor Cell Transplantation and 
Function following Myocardial Infarction" (incomplete copies furnished by Examiner and of 
record). Such copies did not contain the complete content of the published articles and did not 
provide an accurate description of the panel discussions. To ensure that the complete context of 
the articles is considered, Applicant provided complete copies of the published articles (of 
record). 

The two above-identified incomplete articles were relied on by the PTO to challenge 

Applicant's assertion of post-filing success for the claimed method. The PTO contended the 
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furnished excerpts showed that some seven years after the filing date of the instant application, 
skilled workers in the art voiced concerns about cell choice, dosages, time of treatment, 
implantation apparatus and cell survival were unanswered. Applicant's comparison of the full 
text of the articles with that of the versions furnished by the PTO clearly evinces that the present 
PTO Examiner has artfully selected portions of the context, while omitting other portions 
thereof, in an apparent attempt to spin the meaning of the text. Such editing raises a serious 
question in regard to the probative value of the furnished material, as well as the administrative 
process of the PTO. 

Applicant has reviewed the limited context from the excerpts presented at pages 34-37 of 
the 10/12/08 Office Action but disagrees that the verbiage thereof rises to the level of evidence 
supporting non-enablement. Most of the comments concerned the BOOST, TOPCARE and Bio 
Heart trials. The latter body of work is dissimilar from the present invention in that it used a 
skeletal muscle myoblast product. Dr. Pollman from Guidant Corp. described the BOOST 
method, "as a simple syringe injection system loaded with 10 cc of bone marrow, 3 cc of which 
is applied to the coronary arteries." Dr. Pollman does not indicate that any further manipulation 
was necessary. Applicant has consistently taken the position that the Strauer publication relied 
upon by the PTO describes little if any experimentation required to practice the disclosed 
implantation of bone marrow stem cells. Applicant makes the following comments regarding the 
excerpts presented by the PTO. 

• The first quoted statement of Dr. O'Neil is merely asking a question that had been 
previously answered by Strauer. 

• As Dr. O'NeiPs second quoted question, neither Andreas Zelher (Guidant, 
Frankfort) nor Strauer reported any problem with cell hypoxia. 

• Dr. ONeiPs third question virtually confirms Applicant's argument that the 

specification teaches using unfiltered bone marrow. 
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• Dr. Nikol's comments sound like professional envy rather than critical analysis of 
bone marrow implantation. 

• Dr. Gonschior's comments merely affirm that intravenous infusion would be the 
simplest method while Strauer's endocardial delivery may be the most efficient. 
These comments mirror the views expressed by Strauer. 

• The quoted comments by Dr. Holmes merely express his criticism of premature 
human trials and appears to be especially directed to systemic infusion of cells. 

• Dr. Whitlow's quoted comments are purely theoretical and do not evince that his 
opinions are based on the performance of any experimental or clinical trials. The 
autopsy findings described in Dohmann show that Whitlow's theoretical premises 
are not well founded. 

It is puzzling that the PTO can conclude from such selective utterances that "[t]here was 
a general agreement that more experimentation was needed." This is particularly telling when 
one understands that the later work of Dohmann and Kornowski closely parallel Strauer's work. 

One final point remains. What is most disturbing to Applicant regarding the PTO's use 

of these two articles is the omission of information favoring enablement of Applicant's claimed 

method. For example, the PTO omitted the statement by Dr. Nikol that, "cells are considered a 

blood product" and the statement by Dr. O'Neil that, "...because these bone marrow cells are 

pluripotential..." A further example is the spontaneous utterance of Dr. Heuser that "[t]he first 

time I saw this technique presented by the group [TOPCARE] in Frankfort, I was astonished at 

how simple it actually was," and Dr. Pollman's statement that, "a simple syringe injection 

system" was used for implantation. It is tempting to speculate that the present PTO Examiner's 

omission of such comments by Drs. Pollman and Heuser could be attributed to the Examiner's 

carefully refraining from providing evidence backing up arguments made by Applicant in the 

record that once one skilled in the art realizes that bone marrow promotes the growth of arteries 
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the delivery of the bone marrow is simple. In any event, the above utterances indicate that the 

treatment is not complex as alleged by the PTO. The answer to the PTO's irrelevant question, 

"Why didn't "[Dr. Heuser] enlighten his colleagues?" is straightforward. Being a patentee in his 

own right, Dr. Heuser fully comprehends his duty in regard to confidential information, even if 

the Examiner is dismissive of such duty. Dr. Pollman, an employee of Guidant, was aware of 

confidentiality obligations regarding privileged information, as were all of the others. See the 

comment of Dr. Pollman near the bottom of the first page of the "Progenitor Cell Transplantation 

and Function following Myocardial Infarction" article (complete copy). In addition, an opinion 

regarding enablement based upon the disclosure of a patent application is distinct from 

optimizing medical processes and continuing research involving such processes. The 

Examiner's query misses this point. 

The PTO asserts, at page 38, f49 of the 10/12/08 Office Action, that at the time of filing 

the instant application, "the notion that the new result, cardiac muscle, and artery growth, can be 

achieved using old materials (bone marrow) and old methods (injection)" was nothing more than 

"a germ of an idea." The Examiner, relying on Genentech Inc. v. Novo Nordisk A/S. (CAFC) 42 

USPQ 2d 1001 (1997), asserted that, "The courts have also stated that "[tjossing out the mere 

germ of an idea does not constitute an enabling disclosure... [Reasonable detail must be 

provided in order to enable members of the public to understand and carry out the invention." If 

the specification had done no more than to generally suggest that the use of some unidentified 

composition could grow soft tissue, such cardiac muscle and an artery in a human patient, such 

general suggestion would constitute tossing out a germ of an idea. The above unsupported 

conclusion of the PTO overlooks the fact that Dr. Elia disclosed an inventive concept of 

implanting cells, including bone marrow stem cells, into an infarcted heart of a human patient to 

grow cardiac muscle and an artery. The specification clearly discloses the placement of specific 

cells, such as bone marrow stem cells, specific delivery systems, such as injection through a 
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hypodermic syringe, and specific placement sites, such as adjacent to a dead or damaged portion 
of a heart. A reasonable skilled person reading the specification would understand that it 
describes more than tossing out a mere germ of an idea. The Declarations of Drs. Heuser and 
Lorincz comport with Applicant's position in this regard. Hence, the PTO has committed error 
by merely quoting a legal conclusion contained in a judicial decision without providing the 
necessary factual basis and evidence to support such legal conclusion. 

Applicant further notes that Claims 288, 289, and 290 differ from the claims from which 
they depend upon, namely claims 261, 268, and 269, respectively, by requiring autologous cells 
placed into the heart of the patient by injection (claim 288), by requiring autologous cells with 
injection said cells at a site adjacent a dead portion of a heart (claim 289), and adjacent to a 
damaged portion (Claim 290). These claims are drawn to the narrowest embodiment of the 
invention by requiring specific cells, specific sites, and specific modes of administration. The 
disclosure embracing the subject matter of these claims can be found, for example, in the 
specification at pages 21, line 4-15; page 32, lines 9-11; page 33, line 8-10; page 40, line 27 to 
page 42, line 27; page 44, lines 12 and 13; page 46, lines 3-10; page 47, line 22 to page 48, line 
15; Example 19 on page 55, line 14 to page 65, line 25; and Example 36 on page 62. One 
skilled in the art would be fully able to make and use the invention having the scope of claims 
288-290. 

The following remarks generally respond to new points made in the Office Action (as 
mentioned on page 1, refers to the outstanding November 18, 2009 Office Action). 

At |3 of the Office Action, the PTO confirms its position that all claims must be 

considered as a group, rather than individually, in the evaluation of enablement. This is patent 

nonsense. When evaluating enablement, it is incumbent upon the PTO to determine what subject 

matter each claim recites, i.e., the scope of protection sought for each claim. The scope of 

dependent claims are properly determined with respect to 35 U.S.C. §112, fourth paragraph. See 
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MPEP Section 2164.08. It is clear that the Examiner's analysis did not treat the subject matter of 
each claim separately or treat the dependent claims according to statutory mandate. 

At |4 and 5 of the Office Action, the PTO merely repeats, without specific rebuttal, three 
points identified and discussed by Applicant regarding an evaluation of enablement and reiterates 
the PTO's ultimate conclusion. 

At of the Office Action, the PTO addresses the breadth of claims by discussing growth 
factor, genes, cells, etc. The PTO is reminded that it has made numerous restriction 
requirements wherein an election between growth factor species genes and cells was made. In 
any event, the present PTO Examiner inconsistently now contends that the PTO is apparently 
considering the entire scope of the growth factor genus in the instant examination. Such claim 
interpretation is at odds with the prior statements of Examiner Kemmerer in the prosecution of 
Applicant's co-pending Application Serial No. 09/794,456 and other related applications of 
Applicant. Such gross inconsistency in this and other issues obviously renders it difficult for 
Applicant to understand and respond to the instant Office Action. The issue is whether 
Applicant's specification enables the use of autologous stem cells for growing arteries. 

At ^ 7-13 of the Office Action, the PTO takes a new position as to the meaning of the 
claimed term "new artery." Certainly if the present PTO Examiner intended to repeat the prior 
rejection in total, some mention of this inconsistency should have been mentioned. 

By way of background, the term "new" was added to the claims following comments 

made by the Examiner Kemmerer' s supervisor, Dr. Yvonne Eyler, during the January 6, 2004 

interview regarding this application and co-pending Application Serial No. 09/794,456 to 

distinguish Applicant's heart repair method from the fused tissue obtained by Murry. Following 

such comments, Applicant's counsel stated that the claims would be amended to include the 

words "forming (or growing) new arteries" rather than "forming (or growing) arteries" and 

further pointed out that the specification supported such amendment. Applicant stated that such 
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amendment would be made to more clearly define differences over Murry. As a result of the 
interview, Applicant believed that the three Examiners attending the interview, including 
Examiner Kemmerer, understood the meaning of the word "new" in the context of the invention. 
Obviously, Applicant was surprised when Examiner Kemmerer subsequently contended that the 
claims were limited to de novo formation but failed to subsequently produce a document using 
such term despite challenges from Applicant. Being that de novo was not used in the 
specification or the medical art at the time the application was filed or thereafter, Applicant 
disagreed with the Examiners inapt attempted characterization of a new artery. 

Applicant believes that the word "new" speaks for itself when viewed in context of 
Applicant's specification and claims. This is the proper context to interpret the term. See 
Phillips v. AWEL Corp., supra, in this regard. As pointed out in the specification, Applicant 
forms new arteries as a result of the inventive method. Examiner Kemmerer subsequently 
attempted to obscure the clear meaning of an ordinary word by suggesting that the artery "must 
be formed de novo and not merely repair, growth, or re-direction of an existing artery." The 
word "new" in the context of the invention simply means an artery that is newly formed or 
grown by Applicant's process. See the specification at page 44, line 19 to page 46, line 16; 
Example 19 at page 55, line 13 to page 57, line 3; and Example 36 at page 62, lines 1-10, as read 
with Example 18. In other words, the formed artery, following completion of the growth 
process, was not present in such form prior to conducting such process. Obviously, new tissue 
growth or formation is involved. 

With such background in mind, the present PTO Examiner now posits a further, different 

interpretation of a new artery, i.e., that the claims encompass the extension of new sections of 

artery from preexisting arteries or arterioles and formation of entirely new arterial structures 

which integrate into an existing artery. Of course, both of the present PTO Examiner's 

interpretations are disclosed in Applicant's specification and are covered by the claims, except 
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those drawn to certain specific artery structures in the newly presented claims. The Examiner's 

reference to a new section of an artery is not understood because such new section is 5 in and of 

itself, a grown artery. Moreover, subsequent integration of such grown artery into any 

preexisting artery also constitutes a "new artery." The Examiner then challenges the 

embodiment, apparently referring to Example 19 related to the formation of "entirely new 

arterial structures" and alleges that such mechanism "is at odds with the prevailing understanding 

in the art" and cites several publications as purporting to support such challenge. Applicant 

points out that the term "new artery", as described in Applicant's specification, is not limited by 

its mechanism of formation. In |28 of the Office Action, the PTO cited numerous publications, 

including Ziegelhoeffer et al. (hereinafter Ziegelhoeffer) to allegedly show that artery growth 

does not occur through direct differentiation and morphogenesis. It is clear from pages 1656 and 

1657 of Strauer 2005 that multiple mechanisms (multifactorial) are involved with the 

regenerative potential of bone marrow - derived stem cells and include direct differentiation as 

well as the stimulation of endogenous stem cells, etc. which are responsible for cell-biologic and 

molecular mechanisms resulting in organ growth. This is consistent with Applicant's disclosure. 

Strauer 2005 specifically points out that the precise mechanism for artery growth is 

undeterminable. In any event, it is axiomatic that an inventor is not required to explain the exact 

theory of the invention. 

In further rebuttal to the present PTO Examiner's above-mentioned challenge, the present 

PTO Examiner is additionally referred to the article entitled, "Tubes, Branches, and Pillars. The 

Many Ways of Forming a New Vasculature" authored by Hellmut G. Augustin in The American 

Heart Association's Circulation Research publication (hereinafter "Augustin" and attached 

hereto as Exhibit D), wherein such artery formation is recognized. Specifically, the present PTO 

Examiner's attention is directed to Augustin at: Page 2, Figure 2, line 11; Page 3, lines 9-11; 

Page 3, lines 17-34; Page 3, lines 3-5; Page 4, paragraph 2, lines 1-3; and Page 5, paragraph 1, 
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sentence 1. In view of the Augustin article, it is clear that all of Applicant's Examples 
correspond with known medical phenomenon. Hence, the PTO's criticism is flawed. 

At 1HJ14-18 of the Office Action, the PTO attempts to explain how Strauer constitutes 
evidence that extensive experimentation would be required to make and use the claimed 
invention when Strauer reported no performed experimentation. Rather, Strauer merely 
performed a simple, straightforward test that followed Dr. Elia's procedure of injecting stem 
cells harvested from bone marrow into a human patient to grow new arteries and cardiac muscle. 
The assertion of the present PTO Examiner that Strauer indicates an act of invention would thus 
confirm Dr. Elia's earlier act of invention. Certainly one skilled in the medical art would have 
no enablement problem, when so directed, to use known materials and known administration 
techniques to achieve the directed result, i.e., artery and cardiac muscle growth. 

At the bottom of page 12 of the Office Action, the present PTO Examiner appears to 
mischaracterize Strauer as "...a published report of the results a human clinical trial While 
there is no information in the Strauer publication to support such characterization, it is not 
credible to imagine or assert that clinical trial reports would not include all data generated during 
the test procedures. If Strauer constitutes evidence of undue amounts of experimentation, such 
evidence would be reported. Thus the Examiner's reliance upon Strauer in this regard amounts 
to rank speculation and puffery. It is beyond the pale to assert that results have been deliberately 
withheld based solely on the present PTO Examiner's assertion. What is glaringly absent in this 
record is the present PTO Examiner's answer to Applicant's challenge to provide a Declaration 
attesting to the fact that he was a party to or was personally aware of such practices in the 
medical field. 

Although the PTO continues to rely upon Strauer as evidence of non-enablement, many 

changes in position regarding why Strauer constitutes evidence that undue amounts of 
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experimentation are evident from this record. This lack of a consistent position is exacerbated by 
constant changes in position by the PTO within this and related applications. Such changes in 
positions are set forth below. Applicant is uncertain whether or not the present PTO Examiner 
continues to rely upon such positions. 

It is especially confusing when contradictory positions are taken in related applications; 
and accordingly, the credibility of the present PTO Examiner is diminished. In any event, the 
PTO's current position is believed to be erroneous for the following reasons. 

In the Office Action, the PTO now apparently takes the position that the mere designing 
of the Strauer trial regarding cell population, administration technique, and transplantation 
timing somehow constitutes evidence of undue experimentation. However, when challenged, the 
PTO could not point to any experimentation actually performed by Strauer, for good reason. 
This latest position by the PTO regarding Strauer constitutes a further change of the explanation 
regarding the evidentiary value of this publication. The PTO apparently has relied upon Strauer 
as establishing that a determination of cell population is critical, citing pages 1916-1917 of the 
publication. The PTO fails to point to any specific teaching in the record, which supports this 
proposition, and for good reason. Careful review of this publication fails to reveal any teaching 
that experimentation was required to determine cell population. 

Applicant calls the PTO's attention to Nabel as evidence that methods and apparatus 

employed by Strauer were well known. Nabel confirms the fact that no experimentation was 

required by Strauer because old, well known methods and apparatus, such as the off the shelf 

angioplasty technique of Nabel, were used. Applicant cites Nabel to show that experimentation 

as to administration technique was not required by Strauer. The fact that Nabel failed to use the 

type of cells necessary for achieving the claimed result, i.e., growing arteries, does not detract 

from the fact that such administration was known in the medical art prior to Applicant's 1998 

filing date. Hence, no experimentation was required by Strauer regarding the delivery technique. 

-41 - 



DOCKET NO. 1000-10-COl 

The concept of containment to prevent back flow and prolong contact time is clearly 
taught by Nabel. Thus, contrary, to the PTO's prior assertion, it is clear that Strauer did not 
require or perform any experimentation to choose an appropriate delivery system or devise a 
containment system that would prevent backflow of cells and thus provide a prolonged time for 
cell implantation. Rather, such choice constitutes no more than the routine use of a well- 
established delivery system. Additionally, it is noted that Nabel does not support a notion that 
experimentation was required in regard to cell dosages. 

The present PTO Examiner asserted that, "...considerable experimentation was done, if 
not by Strauer, then by others in order to determine the effective cell population" without citing 
any instances of experimentation. Such statement serves as an admission that Strauer performed 
no experimentation, and thus directly contradicts the statements regarding Strauer in the Office 
Action. Applicant teaches that the entire array of bone marrow mononuclear cell components 
contribute to the regeneration of ischemic tissue, and such teaching is consistent with Orlic, 
Strauer, and Dohmann, which confirm that mononuclear bone marrow cell components promote 
artery growth. In the absence of evidence provided by the PTO showing experimentation by 
Strauer, Applicant's position remains that no undue experimentation would be required in order 
for one skilled in the art is validated. One skilled in the art having read Applicant's specification 
would readily understand that the placement of the entire array of stem cells harvested from bone 
marrow or blood in the body of a human patient would cause formation of an artery. Of course, 
such placement techniques are well known and documented in the art, leaving no need for more 
than routine experimentation. In this regard, see the comments contained in the complete article 
in The Journal of Invasive Cardiology , Vol. 17, July 1, 2005, entitled, "Progenitor Cell 
Transplantation and Function following Myocardial Infarction." 

In the above-mentioned article, Dr. Pollman's spontaneous utterance that the TOPCARE 

study, "...uses a simple syringe injection system loaded with... bone marrow..." [Emphasis 
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added]. Applicant believes that such quotation supports its position that no more than routine 

experimentation would be required to administer the materials of the claimed invention. Dr. 

Pollman's opinion is confirmed by the spontaneous utterance of Dr. Richard Heuser, a Declarant 

of record, that "[t]he first time I saw this technique presented by the group [TOPCARE] in 

Frankfort, I was astonished at how simple it actually was. . 

Strauer— just like Applicant — does not disclose that stem cell population is critical and 

does not describe any experimental protocol for selecting and isolating certain cells from the 

entire cell population described for the treatment therapy. Strauer does not describe using any 

experimental protocol to determine appropriate cell population, i.e., there is no requirement for 

using a specific subset of bone marrow stem cells . 

Regarding time of treatment, Strauer does not disclose that determining time of treatment 

required experimentation. It is clear from the record that the treatment of myocardial infarction 

(MI) in human patients exhibiting either acute or chronic disease is considered. Strauer elected to 

treat patients from five to nine days after suffering an MI. Note that in a later publication, 

Strauer 2005 discloses treating chronic MI in patients that had transmural MI some 27 months 

earlier. Again, no experimentation regarding treatment time was noted. It is evident that the 

time of treatment following an MI is not a critical variable and undue experimentation would not 

be required. To the extent that the PTO may be relying on Strauer to establish that the time of 

administration is critical, Applicant points out that Strauer 2005 is the "best evidence" in regard 

to whether time of treatment in human patients is critical. Strauer 2005 teaches that stem cells 

can be used to successfully treat MI in human patients suffering either acute or chronic disease. 

The Examiner has alleged that Strauer 2005 indicated that "as experimentation continues " at 

page 10 of the Office Action. Such allegation is incredible when it is considered that Strauer 

indicated no experimentation and that timing was not indicated to be a significant factor by either 

Strauer or Strauer 2005. All that Strauer 2005 indicated is that the technique of Dr. Elia is 
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successful at various times following damage to the heart. Moreover, Isner also does not 
indicate that time is critical in the treatment of humans exhibiting ischemic heart tissue and this 
was not viewed as an impediment by the PTO. Thus, the PTO's conclusion that would be 
required to practice the claimed invention is not supported on the record and is fatally flawed. 

At U1U 9-28 of the Office Action, the PTO continues to contend that Applicant does not 
disclose that stem cells are useful in the practice of the claimed invention. However, in f 53 of 
the Office Action, the present PTO Examiner curiously admits that "Therefore, the most 
Applicant can say about the instant disclosure is that, by circuitous logic not explicitly presented 
in the disclosure, one of skill in the art might surmise that a method to use autologous stem 
cells to grow an artery was suggested." Applicant reminds the present PTO Examiner that the 
instant disclosure is directed to those skilled in the art, such as Drs. Heuser and Lorincz. 

In this regard, The Third Supplemental Declaration of Dr. Andrew E. Lorincz and the 
Fourth Supplemental Declaration of Dr. Richard Heuser, at paragraphs 4, 5, and 7, attest that: 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 
in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as . . . Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 
through page 43 line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, 
line 1 through page 56, line 25; and page 62, lines 1-10. A copy of such 
additional disclosures is attached hereto as. . .Supplemental Declaration Exhibit B. 

5. The disclosures in ... Supplemental Declaration Exhibit A, also contained in my 
previous Declaration and . . . Declaration, relate to using growth factors, including 
cells, for promoting the growth of soft tissue and, more specifically, to a method 
which may use such growth factors for growing a new portion of a human heart 
by growing new cardiac muscle. Such disclosures are also directed to the growth 
of new arteries in the heart. 

I understand that the additional disclosures in ... Supplemental Declaration 
Exhibit B relate to using cellular growth factors, including bone marrow stem 
cells, to grow soft tissue, including an artery. Stem cells harvested from bone 
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marrow, peripheral blood and from culture banks are described as being 
implanted for promoting morphogenesis and growth of all three-germ tissue 
layers, i.e. mesoderm, ectoderm and endoderm tissues. It would be understood by 
one skilled in the art that morphogenesis includes the growth of an artery, which 
comprises mesodermal tissue. 

7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in the disclosures referenced therein, would be 
enabled to practice the method set forth in Third Supplemental Declaration 
Exhibit C and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. It is my further opinion that one skilled in the 
art reading such disclosures would understand that all of the well known 
administration procedures described at page 45 of the patent application, 
including intravenous, intraluminal, intramuscular, and with an angioplasty 
balloon, would be applicable for use in growing an artery in a human patient 
regardless of whether the genetic material was a gene; cell, including stem cells 
such as bone marrow stem cells; or another type of growth factor. 



It is submitted that the above mentioned Declarations put to rest the PTO's concerns. 

The PTO erroneously considered that the specification did not disclose the concept of 
using unfractionated bone marrow mononuclear cells to grow an artery. Applicant disagrees 
with such position for the reasons set forth below. 

First of all, the present PTO Examiner makes a fundamental, elementary technical error 

that contaminates the validity of any conclusions reached therein. The error is summarized at 

Paragraph 8 in the Fourth Supplemental Declaration of Dr. Heuser and the Third Supplemental 

Declaration of Dr. Lorincz (see attached Exhibits A and B). Paragraph 8 is set forth below for 

the convenience of the PTO. 

I have read and understood the language "stem cells harvested 
from bone marrow" as defined in the written disclosures above- 
mentioned patent applications and claims to encompass the entire 
population of bone marrow mononuclear cells and cellular 
components, including a range of cytokines, in contrast with any 
fractionated population of such cells. It is my understanding that as 
of circa the date of the Elia invention those skilled in the medical 
arts did not limit the scope of the term bone marrow stem cells to a 
subset of mononuclear cells composed of CD 34 positive 
endothelial progenitor cells. It is my opinion that one skilled in the 
medical arts reading the application at the time of filing, April 21, 
1998, would have understood that the language was intended to 
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describe a composition comprised of the entire population of bone 
marrow cellular components. To conclude otherwise, specifically 
in the absence of explicit direction to conduct a fractionation of 
cells, would require such a skilled person to ignore the decades of 
use of such language in the medical arts, particularly in regard to 
the practice of treating patients with bone marrow transplants. 

Once Applicant's specification is read with the above understanding of one of skill and 
experience in the medical art, such as Drs. Heuser and Lorincz, it is apparent that the rejection is 
based upon a lack of knowledge that is possessed by one skilled in the art and thus should be 
withdrawn. Applicant earlier cautioned that a determination of enablement included that 
contained in the application disclosure and also included knowledge present in the art at the time 
that the application was filed. Cf. United States v. Telectronics . supra. As demonstrated above, 
Applicant believes that the present PTO Examiner's lack of knowledge related to information 
that was present in the art at the time the application was filed resulted in an erroneous 
evaluation. Being that the present PTO Examiner has not presented any contradictory evidence 
regarding the existing state of the art when the application was filed, Applicant's evidence must 
be accepted. When this technical error is coupled with the present PTO Examiner's 
misunderstanding of the function of CD34+ stem cells (see paragraph 7 of the above-mentioned 
Fourth Supplemental Declaration of Dr. Heuser and the Third Supplemental Declaration of Dr. 
Lorincz, Exhibits A and B) the lack of a sound technical basis to form the enablement rejection is 
manifest, and credibility is absent. 

The PTO also erroneously relies upon Ziegelhoeffer as evidence that stem cells do not 
differentiate into arteries as disclosed and claimed by Applicant and concludes that even though 
Dohmann and Strauer teach artery growth it was not via differentiation. This is a clear case of 
overreaching based on an apparent lack of knowledge. Ziegelhoeffer' s work was not directed to 
humans. Strauer 2005 teaches that differentiation may be one of four identified mechanisms via 
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which bone-marrow stem cells express their regenerative potential for the treatment of 

infarctions in human patients. What is clear from Strauer is that it is difficult to determine which 

cell-biologic and molecular mechanisms play the predominant role. Attention is once again 

directed to the statement of Dr. O'Neil at page 13 of this Response, which is reproduced below 

for the convenience of the PTO: 

...in terms of the degree of our ignorance about the basic science 
in this area. My own feelings is that God-or nature-in His infinite 
wisdom, is a lot smarter than we will be for a few centuries yet in 
terms of the cascade of the processes that actually allow a new cell 
to come in and regenerate. 

The present PTO Examiner continues the theme that one skilled in the art reading the 
specification would not be directed to the claimed invention. The PTO, in an uncharacteristic 
attack on procedural due process normally accorded applicants, asserts that the instant 
specification provides "nonsensical" direction to one skilled in the art. What is apparent is that 
the PTO examiner failed to read the specification with an open knowing mind. Examples 15-17 
are directed to cell-biologic mechanisms for growing soft tissue organs while Examples 1-14 
describe cell-biologic mechanisms for growth of a tooth, which is an organ consisting of both 
hard and soft tissues, as would be clearly understood by one skilled in the art. Perhaps it is the 
lack of skill in the art that has led to the Examiner's failure to see any correlation between these 
examples and Applicant's overall regenerative cell therapy concept. The truly art skilled would 
not need a leap of faith to understand that Applicant was in possession of the concept of 
employing bone marrow stem cells for growth of an artery and cardiac muscle. 

At page 18, the present PTO Examiner alleged, without any supporting evidence, that 
both Strauer and Dohmann "relied upon basic preclinical research to design their study." and 
then concluded that such was evidence of extensive experimentation. If the present PTO 
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Examiner has personal knowledge to support such allegation, such should be noted. Otherwise 
the allegation is one of unsupported speculation urged to advance a desired conclusion. 

At f 29 of the Office Action, the PTO laboriously considered whether or not Applicant 
was the first to disclose and claim a method for human heart repair by implanting cells, such as 
stem cells, and growing a new artery. Of course, such issue has no bearing upon the instant 
enablement rejection. The present PTO Examiner has insisted that such first to disclose and 
claim was in the post-filing Kornowski application WO/2000/057922. The simple answer to this 
non-relevant issue is that, being that Dr. Elia was the first to disclose the claimed invention, it 
follows that Dr. Kornowski could not have been the first to disclose and claim such invention. 

At HH30-32 of the Office Action, the present PTO Examiner again takes up the two 
internet articles published in the Journal of Invasive Cardiology . Applicant proffers the following 
comments. The PTO is referred to page 32 of the instant Response as an answer to the citation of 
such articles. 

It is noted that the present PTO Examiner has not yet provided an explanation as to why 
only abridged versions of the two articles were furnished, especially in view of the high degree 
of relevance to the issue of enablement of the missing portions. Applicant would be remiss not to 
note that the PTO and the present PTO Examiner, especially during ex parte interaction, is 
charged with a duty of candor and fairness. 

It is puzzling that the PTO can conclude from such selective utterances that "[t]here was 
a general agreement that more experimentation was needed." This is particularly telling when 
one understands that the later work of Dohmann and Kornowski closely parallel the work of Dr. 
Strauer and produced similar results. 

What is most disturbing to Applicant regarding the PTO's use of these two articles is the 

omission of information favoring enablement of Applicant's claimed method. For example, the 

PTO omitted the statement by Dr. Nikol that, "cells are considered a blood product" and the 
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statement by Dr. O'Neil that, . .because these bone marrow cells are pluripotential..." A further 
example is the spontaneous utterance of Dr. Heuser that "[t]he first time I saw this technique 
presented by the group [TOPCARE] in Frankfort, I was astonished at how simple it actually 
was" and Dr. Pollman's statement that, "a simple syringe injection system" was used for 
implantation. It is also worth noting that the portion regarding "cascade of processes" was also 
omitted. This matter will be dealt with later in this Response. 

The present PTO Examiner continues to question and speculate what Dr. Heuser could 
have stated in the panel discussion. What is the point of such second guessing? There would 
have been no need to discuss Dr. Elia's patent applications as such were not on the meeting 
agenda. Doesn't the present PTO Examiner understand that Dr. Heuser was participating in a 
professional discussion and, in such role, stated that the work of Dr. Strauer and his colleagues 
was "remarkably simple." The obvious import of such statement is that both Drs. Elia and 
Strauer disclosed the injection of stem cells harvested from bone marrow into a human heart and 
grew arteries thereby. As the Strauer process was remarkably simple, so was that of Dr. Elia and 
such statement bears favorably upon a finding of enablement in the instant situation. 

At 1H33-41 of the Office Action, the PTO took issue with whether the post-filing 
publications and patents "confirm" the teachings of the instant specification. In the 
argumentation of this erroneous conclusion, the PTO, at page 23 of the Office Action, seems to 
believe that "...the very concept of the claimed methods relies on selection of seemingly 
unrelated portions of the specification and putting them together without specific prompting to 
do so." The fact that Drs. Heuser and Lorincz had no difficulty in reading these portions and 
concluding that the specification was adequate to teach one skilled in the art to make and use the 
invention should dispose of this issue. The present PTO Examiner, however, apparently does not 
possess the comparable skill and thus should accept the evidence proffered by those skilled the 
art, such as the Declarants. 
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The PTO erroneously considered that the specification did not disclose the concept of 
using unfractionated bone marrow mononuclear cells to grow an artery. Applicant disagrees 
with such positions for the reasons set forth below. 

First of all, the present PTO Examiner makes a fundamental, elementary technical error 

that contaminates the validity of any conclusions reached therein. The error is summarized at 

Paragraph 8 in the Fourth Supplemental Declaration of Dr. Heuser and the Third Supplemental 

Declaration of Dr. Lorincz (see Exhibits B and C). Paragraph 8 is set forth below for the 

convenience of the PTO. 

I have read and understood the language "stem cells harvested 
from bone marrow" as defined in the written disclosures abover 
mentioned patent applications and claims to encompass the entire 
population of bone marrow mononuclear cells and cellular 
components, including a range of cytokines, in contrast with any 
fractionated population of such cells. It is my understanding that as 
of circa the date of the Elia invention those skilled in the medical 
arts did not limit the scope of the term bone marrow stem cells to a 
subset of mononuclear cells composed of CD 34 positive 
endothelial progenitor cells. It is my opinion that one skilled in the 
medical arts reading the application at the time of filing, April 21, 
1998, would have understood that the language was intended to 
describe a composition comprised of the entire population of bone 
marrow cellular components. To conclude otherwise, specifically 
in the absence of explicit direction to conduct a fractionation of 
cells, would require such a skilled person to ignore the decades of 
use of such language in the medical arts, particularly in regard to 
the practice of treating patients with bone marrow transplants. 



Once Applicant's specification is read with the above understanding of one of skill and 
experience in the medical art, such as Drs. Heuser and Lorincz, it is apparent that the rejection is 
based upon a lack of knowledge that is possessed by one skilled in the art and thus should be 
withdrawn. Applicant earlier cautioned that a determination of enablement included that 
contained in the application disclosure and also included knowledge present in the art at the time 
that the application was filed. Cf. United States v. Telectronics , supra. As demonstrated above, 
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Applicant believes that the present PTO Examiner's lack of knowledge related to information 
that was present in the art at the time the application was filed resulted in an erroneous 
evaluation. Being that the present PTO Examiner has not presented any contradictory evidence 
regarding the existing state of the art when the application was filed, Applicant's evidence must 
be accepted. When this technical error is coupled with the present PTO Examiner's 
misunderstanding of the function of CD34+ stem cells (again see paragraph 7 of the above- 
mentioned Fourth Supplemental Declaration of Dr. Heuser and the Third Supplemental 
Declaration of Dr. Lorincz, Exhibits A and B) the lack of a sound technical basis to form the 
enablement rejection is manifest, and credibility is absent. 

The PTO erroneously relies on Ziegelhoeffer as evidence that stem cells do not 
differentiate into arteries as disclosed and claimed by Applicant and concludes that even though 
Dohmann and Strauer teach artery growth it was not via differentiation. This is a clear case of 
overreaching based on an apparent lack of knowledge. Ziegelhoeffer' s work was not directed to 
humans. Strauer 2005 teaches that differentiation may be one of four identified mechanisms via 
which bone-marrow stem cells express their regenerative potential for the treatment of 
infarctions in human patients. What is clear from Strauer is that it is difficult to determine which 
cell-biologic and molecular mechanisms play the predominant role. 

The PTO continues the theme that one skilled in the art reading the specification would 

not be directed to the claimed invention. The PTO, in an uncharacteristic attack on procedural 

due process normally accorded applicants, asserts that the instant specification provides 

"nonsensical" direction to one skilled in the art. What is apparent is that the PTO examiner failed 

to read the specification with an open mind. Examples 15-17 are directed to cell-biologic 

mechanisms for growing soft tissue organs while Examples 1-14 describe cell-biologic 

mechanisms for growth of a tooth, which is an organ consisting of both hard and soft tissues, as 

would be clearly understood by one skilled in the art. Perhaps it is the lack of skill in the art that 
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has led to the Examiner's failure to see any correlation between these examples and Applicant's 

overall regenerative cell therapy concept. The truly art skilled would not need a leap of faith to 

understand that Applicant was in possession of the concept of employing bone marrow stem cells 

for growth of both hard and soft tissues. 

At |42 of the Office Action, the PTO continues to disparage the use of and misapprehend 

the meaning of "cascade of genetic material." The present PTO Examiner has taken many 

inconsistent and contrary positions in the prosecution of Applicant's applications regarding the 

meaning of the term "cascade of genetic material." Initially the term was disdainfully deemed as 

"nonsense," and when Applicant presented evidence of the use of essentially similar terms in the 

art (such as in the portion of the O'Neil publication omitted by the present PTO Examiner and 

called to attention by Applicant), the present PTO Examiner then conveniently switched his 

position to deem Applicant's verbiage as a malapropism. Should further education be 

warranted, Applicant hereby again refers the present PTO Examiner to Augustin. Dr. Augustin 

utilized the term "angiogenic cascade" in connection with the formation of new vasculature. 

Applicant points out that Dr. Elia and the other above-cited publications do not use the exact 

wording, but the same meaning and communication is evident. If Applicant's wording is a 

malapropism, which of the other wordings is correct and which are also malapropisms? This 

situation is illustrative of the PTO's record of shifting positions and pursuing non-relevant issues. 

The PTO, in an uncharacteristic attack on procedural due process normally accorded 

applicants, asserts that the instant specification provides "nonsensical" direction to one skilled in 

the art. What is apparent is that the PTO examiner failed to read the specification with an open, 

knowing mind. Several Examples are directed to cell-biologic mechanisms for growing soft 

tissue organs while other Examples describe cell-biologic mechanisms for growth of a tooth, 

which is an organ consisting of both hard and soft tissues, as would be clearly understood by one 

skilled in the art. Perhaps it is the lack of skill in the art that has led to the Examiner's failure to 
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see any correlation between these examples and Applicant's overall regenerative cell therapy 
concept. The truly art skilled would not need a leap of faith to understand that Applicant was in 
possession of the concept of employing bone marrow stem cells for growth of both hard and soft 
tissues. 

At HU43-44 of the Office Action, the PTO continues to maintain that it is not clear "how 
to use stem cells " in the claimed invention. The simple answer is to place such cells in the body 
of a human patient and then achieve the claimed result thereby. Does the present PTO Examiner 
actually not understand that a simple injection of stem cells harvested from bone marrow into or 
adjacent a human heart will result in the growth of arteries and cardiac muscle? 

The PTO assertion that the choice of cell was not known in the prior art and is not clearly 
described in the instant specification is inaccurate and misleading. The regenerative potential of 
bone marrow stem cells was known decades before the filing date of the instant application. 
What was not known until first disclosed by Applicant was the regenerative potential of bone 
marrow stem cells for regenerating an infracted human heart. The specification clearly describes 
direct differentiation of bone marrow stem cells to promote growth of organs, such as arteries. 
Applicant has presented declaration evidence attesting to the enablement provided in the 
specification for the claimed invention. The PTO's assertion that the use of bone marrow cells to 
effect metabolic regeneration of infracted tissue remains controversial is not supported by the 
relied upon publications, rather the record clearly evinces that the PTO has prima facie 
recognized the validity of such metabolic regeneration by issuance of the Kornowski patent. 

At 1fi[45-53 of the Office Action, the PTO continues to allege that cells and genes are 
species of the genus "growth factor." The present PTO Examiner continues to erroneously 
consider that cells and genes are not defined by the instant specification as species within the 
genus "growth factors." Although this situation has been addressed above, Applicant offers the 
following additional remarks. 
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Such erroneous position is at odds with the prior statements of Examiner Kemmerer in 
the prosecution of this and other related applications of Applicant. Such gross inconsistency in 
this and other issues obviously renders it difficult for Applicant to understand and respond to the 
instant Office Action. 

The PTO questioned whether one experienced in the medical arts reading the 

specification would understand that Applicant's usage of the term growth factor was intended to 

include compositions comprising genes and bone marrow stem cells. Lest there be any doubt 

whether the answer is positive, one need look no further than paragraphs 5-7 of the Declarations 

of Drs. Wheeler, Finley, and Lorincz, originally filed in co-pending parent application Serial No. 

09/064,000 (attached hereto as Exhibits E, F, and G; paragraph 6 of the Declaration of Dr. 

Heuser originally filed in co-pending application Serial No. 10/179,589 (attached hereto as 

Exhibit H); and Alberts. Alberts' definition of a growth factor is consistent with Applicant's 

definition found on page 43, lines 18 and 19 of the specification, "Growth factors control cell 

growth, division, differentiation, migration, structure, function, and self-assembly." Moreover, 

the PTO, in making prior restriction requirements, has consistently identified genes and cells, as 

species of the genus "growth factor." The present PTO Examiner apparently has decided to not 

accord full faith and credit to such PTO determinations. Accordingly, Applicant is mystified by 

the present PTO Examiner's insistence upon burdening the record with petty issues that were 

thoroughly vetted previously by the PTO, via Petition to the Commissioner in the instant 

application, and subsequently followed by the PTO. 

Moreover, during the prosecution of Applicant's co-pending parent application Serial No. 

09/064,000, the PTO acknowledged that the specification taught that cells are included in the 

class of soft tissue growth promoters. Also see in particular, page 7, T|14 5 of the July 24, 2007 

Office communication in co-pending application Serial No. 09/794,456 where the PTO states, 
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"Therefore, in the lexicon of this specification, 'cells' may be a subgenus of 'growth factor'." 
As set forth above, Drs. Heuser and Lorincz confirm that one skilled in the art to which the 
invention is directed would reach the same conclusion when reading the instant specification. 
The above-mentioned PTO's reading and acknowledgement of the content of the specification 
is consistent with the mandate of the en banc CAFC decision in Phillips v. AWH Corporation , 
supra. 

Applicant believes that the PTO's acknowledgement that cells are growth factors 

establishes a material fact in this record which is the law of the case. In the instant application, 

Examiner Kemmerer reached the same conclusion at page 6, lines 1-8 in the February 22, 2006 

PTO communication. Perforce, this established material fact requires the Examiner to consider 

all relevant portions of Applicant's disclosure in evaluating the Section 1 12 "description" issue 

herein, including disclosures related to the genus "growth factor." In view of this material fact, 

it was error for the Examiner to fail to consider the original disclosure as a whole, Le., the 

above-mentioned genus and species relationship, when determining the specification's 

compliance or non-compliance with the description requirement of 35 U.S.C. §112, first 

paragraph. Thus, the Examiner's position disregards the tenants of relevant case law such as In 

re Anderson , supra; In re Rasmussen , supra; and Johnson and Farnharru 558 F.2d 1008, 194 

USPQ 187, 195 (CCPA 1977). 

Furthermore, the Examiner has proffered no objective evidence that stem cells and cDNA 

clones function differently in the context of Applicant's invention, and for good reason. Indeed, 

the record, as evidenced by Isner and Asahara establishes as a material fact that they possess a 

common functionality - they belong to a class of compositions that promote growth of soft 

tissues (blood vessels) in a human patient. 

Prima facie, Nabel provides further evidence that those skilled in the art at the time of 

filing of Applicant's application were aware of the alternative use of cells and DNA vector in 
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the site-specific treatment of cardiovascular diseases, including the perfusion of ischemic tissue. 
Nabel clearly teaches that cells or appropriate vector (DNA) can be "surgically, percutaneously, 
or intravenously" introduced into the patient. 

The record (Law) of this case establishes that the PTO in requiring an election of species 
in the instant application, in co-pending parent application Serial No. 09/064,000, and in related 
co-pending application Serial No. 09/794,456 has held cells (stem cells) to be a species within 
the disclosed class of growth promoters (growth factors). The Examiner's reliance on case law 
relating to genus-species requirements misses the point. The present Examiner is bound by prior 
PTO holdings. It is error for the Examiner at this late stage of prosecution to contend otherwise. 

Moreover, the PTO's species election requirement is consistent with the issuance of Isner 
and Nabel, both of which treat cells and genes (DNA vector) as alternative agents for promoting 
the restorative growth (repair) of blood vessels in ischemic tissue. This is contrary to the 
Examiner's erroneous assertion of lack of functionality. It is further pointed out that the scope of 
claims issued by the PTO for Isner encompass "VEGF cDNA" and "cells" as alternative 
angiogenetic promoters, i.e., capillary blood vessel promoters, not distinct inventions. Isner '887 
differs from the present invention by disclosing and claiming injecting endothelial progenitor 
cells that are necessarily limited to promoting endothelial cell growth (capillary blood vessels), 
not artery growth as required in the instant specification. 

In view of the above cited evidence, the present PTO Examiner's renunciation of 
decisions made by other PTO Examiners is simply not credible. 

Atfflf 54-59 of the Office Action, the PTO continues to misunderstand the use of the well 
established, art recognized conversion technique utilized by Applicant and recognized by Drs. 
Heuser and Lorincz. 

The PTO's ad hominem criticism of Applicant's conversion set forth at fails to 

adequately give weight to its evidentiary value. Applicant's evidence establishes as a material 
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fact that physicians have long used conversion charts/formulas for estimating dosages of cells 
from nucleic acids and vice versa. It is clear from the record that cell survival and differentiation 
are not paramount considerations in determining cell dosages because the general practice is to 
employ multiple doses since stem cell overdosing has not proved to be problematic. Most 
importantly, there is no guidance proffered Isner regarding the need to employ disparate 
treatments for the delivery of cells vis-a-vis genes. Those skilled in the art are aware that safe 
dose ranges have been established over years of medical practice directed to bone marrow 
transplant cell therapy. The PTO's attention is again directed to the above-mentioned expert 
opinions of Drs. Heuser and Lorinez, which validate the reasonableness of Applicant's dosage 
conversions. 

The present PTO Examiner has previously taken the position that even if Applicant 
"...stumbled upon some simple method for determining cell numbers to use in therapy..." that 
this would not evince enablement because the specification fails to teach such a conversion 
misses the point. There is neither need nor requirement for the instant specification to disclose 
the challenged conversion. Applicant has not professed to be the originator of the commonly 
employed calculus used to determine cell numbers to use in therapy. The simple answer is that 
the specification does not have to describe information already known by those skilled in the 
medical arts. See In re Buchner , supra. That the present PTO Examiner lacks knowledge of this 
routine conversion commonly used by skilled medical practitioners is not dispositive of this 
issue. The PTO has failed to establish why one skilled in the art of cell therapy would not be 
able to extrapolate the referenced examples in the instant specification across the entire scope of 
the claims. See MPEP Section 2164.02. 

Hence, the present PTO Examiner's challenge, on page 41 of the Office Action, for 

Applicant to provide an example of the extrapolation is not well taken because two experts in the 

medical art have confirmed the reasonableness of using such art recognized conversion and 

-57- 



DOCKET NO. 1000-10-COl 



Applicant has already provided two instances of the conversion in regard to Strauer and Isner. In 

view of such evidence and the lack of any evidence from the present PTO Examiner, it becomes 

the burden of the present PTO Examiner to provide material evidence, not unsupported opinion 

and hubris, that the conversion is not appropriate. 

At 111(60-62 of the Office Action, the PTO has again taken issue with the lack of working 

examples in the specification. Specifically, the PTO has taken the stance that the prophetic 

examples contained in the instant specification are inadequate for establishing a constructive 

reduction to practice of the claimed invention because of uncertainty expressed in the prior art as 

to whether cells, such as stem cells, would result in the formation of arteries. It is axiomatic that 

actual working examples are not required if the invention is disclosed in a manner that one 

skilled in the art would be able to practice it. Section 2164.02 of the MPEP states that: 

Compliance with the enablement requirement of 35 U.S.C. 112, 
first paragraph, does not turn on whether an example is disclosed. 
An example may be "working" or "prophetic." A working 
example is based on work actually performed. A prophetic 
example describes an embodiment of the invention based on 
predicted results rather than work actually conducted or results 
actually achieved. 

The PTO apparently believes that the specification's use of prophetic examples 
embodying cells containing active growth and transition factors does not form a basis for the 
enablement rejection. It has been Applicant's understanding from the beginning that prophetic 
disclosures are permitted under the rules, statute and case law. However, the PTO concludes, 
without further explanation, that the lack of actual examples "contribute significantly" to the 
determination of lack of enablement. It is the burden of the PTO to specifically and precisely 
point out why the absence of specific examples is a contributing factor. 

Applicant recognizes that the medical arts in general are complex. However, while the 
physiological reactions involved may be complex, the practice of the claimed invention is 
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straightforward. The called-for cells, e.g., stem cells, the methods of administering, and the 
particular apparatus required for administering the cells, are old and well known in the medical 
arts. 

The present PTO Examiner has acknowledged at page 23, ]J32 in the Office Action of 
September 28, 2008 in co-pending application Serial No. 09/794,456 that it "cannot, and does 
not, demand human clinical trials to demonstrate enablement...". Applicant appreciates such 
pronouncement since the previous actions by the PTO lead Applicant to believe that the method 
and manner of making the claimed invention was the predominant contributing factor in the 
PTO's determination of lack of enablement. However, Applicant is not sure of the present PTO 
Examiner's understanding of the nature of clinical trials in view of the misunderstanding of the 
previously discussed Strauer tests. 

It appears that the PTO puts forth the proposition that there is a higher "enablement" 

i 

standard required by the statute for "cases that involve unpredictable factors such as most 
chemical reactions and physiological activity" while citing case law presumably "codifying" 
such a higher standard. In other words, the PTO is placing a higher burden on Applicant to 
support enablement because of the nature of the claimed invention. The PTO is relying on case 
law because the first paragraph of Section 112 does not embody such a separate requirement for 
chemical and physiological related inventions vis-a-vis other classes of inventions. What is 
certain is that the question of enablement must be determined on a case-by-case basis taking into 
consideration the facts presented. The specification discloses all the information that is needed 
for one skilled in the art to: 1) select bone marrow stem cells harvested from the patient; and 2) 
intramuscularly injecting said stem cells into sites of ischemic tissue for promoting 
differentiation and morphogenesis into new blood vessels, i.e., arteries and cardiac muscle. 
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Applicant submits that, on this record, the PTO has failed to provide sufficient evidence 
for supporting a prima facie case of lack of enablement and the rejection for lack of enablement 
should be withdrawn. 

Assuming, arguendo, that the PTO somehow met the burden of establishing a prima facie 
case of lack of enablement, Applicant believes that any such case has been rebutted by the 
weight of the evidence contained in the Declarations of experts in the field — Drs. Heuser and 
Lorincz. The conclusions set forth in the respective Declarations establish an objective fact that 
is highly material to a determination of enablement. Drs. Heuser and Lorincz, both highly 
skilled medical experts, read relevant portions of the specification, including generic as well as 
those drawn to elected and non-elected species, and reached the determination that one skilled in 
the medical arts, armed with the knowledge in the disclosures, would be enabled to practice the 
claimed method and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. See paragraphs 5-7 of the Third Supplemental Declaration 
of Dr. Lorincz and paragraphs 5-7 of the Fourth Supplemental Declaration of Dr. Heuser. 

The PTO, at pages 45 and 46, 1J63, determined that the declarations of Dr. Heuser and Dr. 

Lorincz are accorded no weight. The PTO contends that opinions of experts in regard to the 

ultimate legal conclusion of enablement are entitled to no weight, citing In re Lindell and In re 

Chilowsky for precedent. The above case law was cited as standing for the proposition that 

enablement is a question of law. However, it is clear from MPEP 2164.05 that declarations are 

evidence that must be considered and that weight must be accorded based on the factual evidence 

presented therein supporting a conclusion of enablement. The Court in In re Buchner , supra, held 

that "expert's opinion on the ultimate legal conclusion must be supported by something more 

than a conclusory statement." In In re Buchner , supra the PTO determined that the specification 

lacked enablement because elements necessary for carrying out the invention were neither 

disclosed therein nor well-known to those of ordinary skill in the art. The Court, while 
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recognizing that the Buchner specification need not disclose what is well known in the art, 
agreed with the PTO that unless the identified missing elements were well-known in the art, the 
application must provide such information and that "it is not sufficient to provide it only through 
an expert's declaration." The present factual pattern is clearly distinct from that of Buchner in 
that the PTO has conceded in other related applications that the administration of cells was 
known in the medical art at the time of the present invention. It is further established in this 
record that the compositions (stem cells such as bone marrow stem cells), implantation apparatus 
(hypodermic needle) and treatment methods disclosed in the specification were well-known in 
the medical art. Contrary to the PTO's position, Applicant's evidence of enablement is supported 
by more than Declarants' conclusory statements. Declarants identify and rely upon facts, i.e., 
specific portions of the disclosure in the instant specification which support their conclusions 
that one skilled in the art would be able to make and use the claimed invention. Declarants' 
reading and understanding of the identified portions of the specification mentioned in Paragraph 
5 of the Fourth Supplemental Declaration of Dr. Heuser and in the Third Supplemental 
Declaration of Dr. Lorincz, compels a conclusion that Dr. Elia was in possession the concept of 
implanting bone marrow stem cells and growing arteries and cardiac muscle in the heart of a 
human patient. 

At pages 45 and 46, Tf63 of the Office Action the PTO dismisses Applicant's declaration 

evidence as merely managing "to piece the general idea of the instant claims together" by 

combining juxtaposed portions of the specification, not the complete specification. This is yet 

another instance of the procedural error in the handling of the prosecution of the instant 

application. By failing to articulate adequate reasons to rebut the Declarations of Drs. Heuser and 

Lorincz, the PTO "failed to consider the totality of the record for the purpose of issuing a final 

rejection and thus erred as a matter of law." In re Alton , 76 F.3d 1168, 37 USPQ2d 1578 

(Fed.Cir. 1996). It is trite law that the PTO must consider the probative value of such evidence 
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vis-a-vis any asserted prima facie case. See In re Oetiken at 1445, 24 USPQ 2d at 1444. In re 

Keller , 642 F.2d 413, 208 USPQ 871, (CCPA 1981). In the absence of critical analysis, the PTO 

appears to be relying solely upon its opinion rather than assessing weight to the objective 

evidence proffered in the Declarations. PTO Examiners, not being skilled persons in the medical 

art, must give weight to these expert opinions rather than substitute the opinion of the PTO. See 

In re Neave , 370 F.2d 961, 152 USPQ 274, (CCPA 1967). 

The PTO statement at pages 46 and 47, ^|64 of the Office Action: 

The thread that connects the pieces of the generic concept also runs 
through hints of non-existent methods, unidentifiable cells, 
nonsensical method steps, and most importantly, predictions of 
results that are either incredible or directly contradicted by 
subsequent disclosures. 

is further evidence of the improper prosecutorial handling of the instant application. The above 
quotation evinces a pattern of attempted deflection from the absence in the record of objective 
evidence on the part of the PTO required for establishing a prima facie case of nonenablement. 
The present PTO Examiner's conclusion that, "The choice of cell to be administered to achieve 
the recited outcome was not known in the prior art is further evidence of a continued failure 
to review the subject specification with an open knowing mind. Of course, the obtention and 
therapeutic use of human bone marrow cells per se has been known in the medical arts for 
decades. The specification clearly describes obtaining bone marrow cells and using such cellular 
compositions for promoting differentiation and morphogenesis (growth) of soft tissues. It is self 
evident that applicant's claimed use of such cellular composition for growing arteries was not 
known at the time of filing, otherwise, the claimed invention would be subject to a rejection for 
lack of novelty. 
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The PTO at page 47, ^65 of the Office Action has identified several of the enablement 
factors enumerated by the court in In re Wands . The PTO's attention is again respectfully 
directed to the In re Wands decision; which led to the grant of a patent. The Court found that the 
PTO's determination of nonenablement was unsupported by the evidence in the record. The 
Court further noted that the skill level in the art was high and that known materials were utilized 
in the practice of the invention in weighing the evidence. The instant fact situation is similar to 
that of In re Wands because the skill level is also high and known administration techniques and 
known materials are also utilized in the practice of the invention. In addition to such factual 
parallelism, Applicant provided expert objective evidence in the form of the Declarations of Drs. 
Heuser and Lorincz. These medical experts read relevant portions of the specification setting 
forth the generic invention and elected and non-elected species of such generic invention and 
determined that one skilled in the medical art, armed with the guidance and direction in the 
specification disclosures, would be enabled to practice the methods defined in the claims on 
appeal and to predictably anticipate the results defined therein without need for resorting to 
undue experimentation. Regarding complexity, the Board is again referred to the spontaneous 
utterances mentioned above wherein the process , was characterized as being simple by doctors 
skilled in the art. When the guidance and direction provided by Applicant's specification 
disclosure, the level of knowledge and the content of the prior at the time of the invention as 
established in the record, the high level of skill in the art, and Applicant's declaration evidence 
are interpreted in a reasonable manner, analysis considering the factors in In re Wands compels a 
conclusion that undue experimentation would not be required to practice the invention called for 
in the appealed claims. 

At ][65 of the Office Action, the PTO correctly points out that Wands presented working 

examples whereas the present application is based on a prophetic disclosure. Applicant is aware 

of such distinction and has never asserted otherwise. The PTO further correctly states that the 
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prophetic examples disclosed in Applicant's specification "lack support by experimental 

r 

evidence." However, the PTO' contention that the claimed potential of bone marrow cells, i.e.; 
for tissue regeneration, is either incredible or directly contradicted by evidence in the record is a 
nonsensical notion that lacks professional credibility. Applicant's declaration evidence, Strauer, 
and Strauer 2005 support the predictability of the claimed invention. In addition, the PTO has 
issued the Kornowski patent attesting to the predictability of the regenerative potential of bone- 
marrow stem cells in the treatment of chronic heart disease. It is clearly evident that the PTO did 
not question the predictability of the result achieved by Kornowski. Puffery and hubris aside, it is 
clear to Applicant that the main impediment in his quest for patent recognition rests in the 
prophetic manner in making this pioneer discovery. 

The PTO's citation and reliance on the Genentech in fflf66 and 67 is inapt. Applicant has 
consistently pointed out wherein the specification provides guidance for carrying out the claimed 
invention. The Examiner seems to think that all that is required to support an enablement 
rejection is to repeat by rote case law without significant analysis establishing precedent vis a vis 
the evidence in chief relied on for a prima facie case. 

Once the relevant materials and administration techniques set forth in Applicant's 
specification and those known in the art when the application was filed, are properly considered 
in their entirety, Applicant believes that there should be no question that one skilled in the 
medical art is enabled to make and use the claimed invention. This conclusion is reinforced by 
the fact that the materials and administration techniques, but not the inventive result, were well 
known when the instant application was filed. 
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CONCLUSION AND "RTCIXE1T fffflTCTIT 

In view of the foregoing, Applicant urges the Board to reverse the outstanding rejection 
of claims 236, 238, 239, 244, 247, 250, 251, 253, 257-263, 268-271, 280-285, and 288-290 under 
35 U.S.C. §1 12, first paragraph, and respectfully requests that the instant application be passed to 
issue. 

Respectfully submitted, 

Dated: April 8, 2010 - ^ UJfck 

Gerald K. White 
Reg. No. 26,611 
Attorney for Applicant 



Dated: April 8, 2010 




Charles N Lo veil 
Reg. No. 38,012 
Attorney for Applicant 



GERALD K WHITE & ASSOCIATES, F.C 

205 W. Rudolph Street 

Suite 835 

Chicago, IL 60606 

Phone: (312)920-0588 

tax: (312)920-0580 

Email: gkwn«flftiwaaol.cam 
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HLED: April 21, 1998 > 

) GROUP ART UNIT: 3732 
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FOR INSTALLATION OF ) 

DENTAL IMPLANT ) 



DECLARATION OF ROBERT MEGER. M.P. 



1 G. Robert Meger declare as follows: 



1. 1 have offices at 3333 East Cainelback Road. Phoenix, Arizona 85018. 



2. My Curriculum Vitae is attached hereto as Exhibit A. 



3 . I have read and understood the disclosures at column 14, lines 4-6 1 and column 
21 , lines 1-26 of United States Patent Number 5,397.235 (b^reinafter * '23S 
patent") entitled "Method for Installation of Dental Implant," and granted to 
JamesP. BiaonMareh 14, 1995. A copy uf such disclosures is attached hereto 
as Exhibit B. I understand that the .same disclosures are contained in above patent 
Application Serial No. 09/064,000. 

4. I note that the disclosures mentioned in above Paragraph 3 relate to a method for 
forming a bud and resulting soft tissue. Such methods involve placing a growth 
factor at a desired site of a body with use ol techniques including resorbable and 
nou-resorbable carriers, gels, time -release capsules, and granules. In addition, the 
growth Actor may be placed in the body orally, sysiemicalry, by injection. 



through Che respiratory tract, by making an incision in the body and then inserting 
the growth factor. I note further that the growth factor and/or carrier maybe 
activated by tissue pH, enzymes, ultrasound, electricity, heat, or in vivo 
chemicals. 

5. The materials included iu Exhibit C of this Declaration illustrate that the 
techniques set forth in above Paragraph 4 were well known to those skilled in the 
medical aits prior to July 2> 1993. It is my opinion that one skilled in the medical 
arts armed with such knowledge would have been able to practice the inveution(s) 
described at column 14, lines 4*61 and column 21, lines 1-26 of the *235 patent 
without need for resorting to undue experimentation. 

6. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
hetrin are punishable by fine ov imprisonment, or both (1 8 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereof, and (2) thai all 
.statements made of Declarant's own knowledge arc true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 
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VITAE 
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CURRICULUM VITAE 
G. Robert Meger, M.D. 



Birthplace: 
Birth date: 



Cedar Rapids, Iowa 
July 19, 1964 



Address: 



3333 E Camelback Rd 
Suite 140 

Phoenix, AZ 85018 



Phone: 



(602) 957-6000 



Fax: 



(602) 957-6349 



E Mail: 



Meaermd(5)home. com 



Board Certifications: 



American Board of Plastic Surgery 
American Board of Surgery 



Memberships: 



American Society of Plastic Surgeons 
Maricopa County Society of Plastic Surgeons 
American Medical Association 



License: 



Board of Medical Examiners 
State of Arizona #23447 



Residency: 



Plastic Surgery 

Medical College of Georgia 

Augusta, Georgia 



General Surgery 

Phoenix Integrated Surgical Residency 
Good Samaritan Regional Medical Center 
Phoenix, Arizona 

Surgical Internship 
Maricopa Medical Center 
Phoenix, Arizona 



Education: Doctor of Medicine 

Creighton University 
Omaha, Nebraska 

Bachelor of Science in Chemistry 
University of Notre Dame 
Notre Dame, Indiana 
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Growth factors can be utilized to induce the growth 
5 of "hard tissue" or bone and "soft tissues" like ectoder- 
mal and mesodermal tissues. As used herein, the term 
growth factor encompasses compositions and living 
organisms which promote the growth of hard tissue, 
such as bone, or soft tissue in the body of a patient. The 
10 compositions include organic and inorganic matter. The 
compositions can be genetically produced or manipu- 
lated. The living organisms can be bacteria, viruses, or 
any other living organism which promote tissue 
growth. By way of example and not limitation, growth 
15 factors can include platelet-derived growth factor 
(PDCF), epidermal growth factor (EGF), fibroblast 
growth factor (acidic/basicXFGF a,b), interleukins 
(IL/s), tumor necrosis factor (TNF), transforming 
growth factor (TGF-B), colony-stimulating factor 
20 (CSF), osteopontin (Ett-1 (OPN), platelet-derived 
growth factor (PDGF), interferon (INF), bone mor- 
phogeny protein 1 (BMP*1), and insulin growth factor 
(IGF)- Recombinant and non-recombinant growth fac- 
tors can be utilized as desired. Bacteria or viruses can, 
2$ when appropriate, be utilized as growth factors. For 
example, there is a bacterial hydrophilic polypeptide 
that self-assembles into a nanometer internal diameter 
pore to build a selective lipid body. Various enzymes 
can be utilized for the synthesis of peptides which con* 
30 tain amino acids that control three-dimensional protein 
structure and growth. Growth factors can be applied in 
gels or other carriers which regulate the rate of release 
of the growth factors and help maintain the growth 
factors, and the carrier, at a desired location in the 
35 body. Time release capsules, granules, or other carriers 
containing growth factor can be activated by tissue pH, 
by enzymes, by ultrasound, by electricity, by heat, by 
selected in vivo chemicals or by any other selected 
means to release the growth factor. The carrier can be 
40 resorbable or non-resorbable. Or, the growth factor 
itself can be activated by similar means. Either the car- 
> ricr or the growth factor can mimic extracellular fluid 
to control cell growth, migration, and function. The 
growth factor can be administered orally, systemically, 
45 in a carrier, by hypodermic needle, through the respira- 
tory tract, or by any other desired method. The growth 
factor can also be administered into a capsule or other 
man-made composition or structure placed in the body. 
While administration of the growth factor is presently 
50 usually localized in the patient's body, circumstances 
may arise where it is advantageous to distribute a 
growth factor throughout the patient's body in uniform 
or non-uniform concentrations. An advantage to 
growth factors is that they can often, especially when in 
55 capsule form or in some other containment system, be 
inserted to a desired site in the body by simply making 
a small incision and inserting the growth factor. The 
making of such a small incision comprises minor sur- 
gery which can often be accomplished on an out-patient 
60 basts. The growth factors can be multifactorial and 
nonspecific. 



21 

In another embodiment of the invention, genetically 
produced living material is used to form an implant in 
the bone of a patient. The DNA structure of a patient is 
analyzed from a sample of blood or other material ex- 
tracted from a patient and a biocompatible tooth bud 5 
122 (FIG. 3) is produced. The bud 122 is placed in an 
opening 123 in the alveolar bone and packing material is 
placed around or on top of the bud 122. The size of 
opening 123 can vary as desired. The packing around 
bud 122 can comprise HAC 124, hydroxyapatite. blood, 10 
growth factors, or any other desirable packing material. 
The bud 122 grows into a full grown tooth in the same 
manner that tooth buds which are in the jaws of chil- 
dren beneath baby teeth grow into full sized teeth. In- 
stead of bud 122, a quantity of genetically produced 15 
living material which causes bud 122 to form in the 
alveolar bone can be placed at a desired position in the 
alveolar bone such that bud 122 forms and grows into a 
full sized tooth. Instead of forming an opening 123, a 
needle or other means can be used to simply inject the 20 
genetically produced living materia] into a selected 
location in the alveolar bone. As would be appreciated 
by those skilled in the art. genetically produced materi- 
als can be inserted in the body to cause the body to 
grow, reproduce, and replace leg bone, facial bone, and 25 
any other desired soft and hard tissue in the body. 
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TECHNIQUES OF INTRODUCING 
AND ACTIVATION OF GROWTH FACTORS 



EXH. 
NO. 


MATERIAL AND DATE 


TECHNIQUE 








C-1 


J Periodontal. November 1991, "Effects of platelet-derived 
growth fctor/insulin-like growth factor- 1 combination on 
bone regeneration around titanium dental implants". Lynch 
S.E., et. al. 


Gel carrier 


C-2 


Nature. November 28, 1991, "Electrically erodible 
polymer gel for controlled release of drugs . Kwon, I.C., 
et. al. 


Possibility of multiple 
chemical release stimuli 
of gel for controlled 
release 


C-3 


Acta Orthop Scand, October 1991, Dose-dependent 
stimulation of bone induction by basic fibroblast growth in 
rats". Aspenberg P., et. al. 


Gel carrier 


C-4 


Natl. Acad. Sci., November 1992, "Heat shock induces the 
release of fibroblast growth factor 1 from NIH 3T3 cells". 
Jackson A., et. al. 


Heat activation of growth 
factor 


C-5 


Transplant, 1992, "Cell transplantation for myocardial 
repair: an experimental approach". Marelli D., et. al. 


Heart injection 


C-6 


Lasers Sur. Med., 1989, "Macrophage responsiveness to 
light therapy". Young, S. 


Light activation 


C-7 


J Sure. Res.. May 1989, "Attachment of peptide growth 
factors to implantable collagen". Stompro B.E., et, al. 


Absorbable carrier 


C-8 


Clin. OrthoD.. February 1991, "Bone morphogenesis of 
rabbit bone morphogenetic protein-bound hydroxyapatite- 
fibrin composite". Sato T*, et. al. 


Non-absorbable carrier 


C-9 


Arch Sure., June 1989, "Angiotropin treatment prevents 
flap necrosis and enhances dermal regeneration in rabbits". 
Hockel M., Burke J.F. 


Injection 
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MATERIAL AND DATE 


TECHNIQUE 








C-10 


JAMA, October, 1991. "Tissue transformation into bone in 
vivo. A potential practical application". Khouri R.K., et. 
al. 


Injection 


C-ll 


Radiology, December 1986, "An experimental evaluation 
of microcapsules for arterial chemoembolilzation" 
Bechtel W., et. al. 


Intra Arterial capsule 
delivery 


C-12 


Atherosclerosis. February 1989, "Histopathologic 
examination of material from angioplasty balloon catheters 
used in vivo in human coronary arteries". Sprecher D.L., 
et. al. 


Coronary heart catheter 


C-13 


Int. J Cancer, May 1989, "Acidic Cellular Environments: 
activation of latent TGF-beta and sensitization of cellular 
responses to TGF-beta and EGF". Dullien P., et. al. 


pH activation 


C-14 


Atherosclerosis, April 1990, "Endothelial cell stimulation 
of smooth muscle glycosamino-glycan sythesis can be 
accounted for by transforming growth factor beta activity". 
Merrilees M.J., Scott L. 


Heat activation 


C-15 


Ultrasound Med Biol, 1990, "Macrophage responsiveness 
to therapeutic ultrasound". Young S.R., Dyson M. 


Ultrasound activation 


C-16 


Am J Phvsiol, September 1989, "Mitogenic signals for 
thrombin in mesangial cells: regulation of phosspholipase 
C and PDGF genes". Schultz P.J., et. al. 


Enzyme activation 


C-17 


J Burn Cure Rehabih July- August, 1991, "Weak direct 
current accelerates split-thickness healing on tangentially 
excised second-degree burns". Chu C.S., et. al. 


Electrical activation 
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of the implant holes in both treated and control sites (no significant differences). At 21 days the Pf^f^^o^jnVMp^ 
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ABSTRACT Imolanta tion of demineralized bone matrix in rodents elicits a series of cellular events leadmg to the formation of new 
bone inside a nd adjacent to the implant. This process is believed to be initiated by an inductive protein present in bone matrix and 
Sorowth factors may further regulate the process. We have previously shown that local application of recombinant human basic 
fibroblast orowth factor (bFGF) in a carboxymethyl cellulose gel to demineralized bone matrix implants increases the bone yield as 
measured bv calcium content 3 weeks after implantation in rats. We now report that this increase was seen at 3 and 4 weeks, but not 
earner or later Further, the stimulatory effect was seen with doses from 3 to 75 ng per implant. A dose of 0.6 or 380 ng did not 
increase the bone yield, and 1 .900 ng had a marked inhibitory effect. This narrow dosage optimum may reflect the complex actions of 
the growth factor. 
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Heat shock induces the release of fibroblast growth factor 1 
from NIH3T3 cells. 

Jackson A; Friedman S; Zhan X; Engleka KA; Forough R; 
Maciag T 

Department of Molecular Biology, Jerome H. Holland 
Laboratory for the Biomedical Sciences, American Red 
Cross, Rockville, MD 20855. 

Proc Natl Acad Sci U S A 1992 Nov 15;89(22):10691-5 
PMID: 1279690 UI: 93066309 

Fibroblast growth factor 1 (FGF-1) is a potent angiogenic 
and neurotrophic factor whose structure lacks a classical 
signal sequence for secretion. Although the initiation of these 
biological activities involves the interaction between FGF-1 
and cell surface receptors, the mechanism responsible for the 
regulation of FGF-1 secretion is unknown. We report that 
murine NIH 3T3 cells transfected with a synthetic gene 
encoding FGF-1 secrete FGF-1 into their conditioned 
medium in response to heat shock. The form of FGF-1 
released by NIH 3T3 cells in response to increased 
temperature (42 degrees C, 2 hr) in vitro is not biologically 
active and does not associate with either heparin or the 
extracellular NIH 3T3 monolayer matrix. However, it was 
possible to derive biologically active FGF-1 from the 
conditioned medium of heat-shocked NIH 3T3 cell 
transfectants by ammonium sulfate fractionation. The form 
of FGF-1 exposed by ammonium sulfate fractionation is 
similar in size to cytosolic FGF-1 and can bind and be eluted 
from immobilized heparin similarly to the recombinant 
human FGF-1 polypeptide. Further, the release of FGF-1 by 
NIH 3T3 cell transfectants in response to heat shock is 
reduced significantly by both actinomycin D and 
cycloheximide. These data indicate that increased 
temperature may upregulate the expression of a factor 
responsible for the secretion of FGF-1 as a biologically 
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could stimulate the release of these mediators. In this study an established macrophage-like cell line (U-937) was used. The cells 
were exposed in culture to the following wavelengths of light: 660 nm, 820 nm, 870 nm, and 880 nm. The 820-nm source was 
coherent and polarised, and the others were non-coherent. Twelve hours after exposure the macrophage supernatant was removed 
and placed on 3T3 fibroblast cultures. Fibroblast proliferation was assessed over a 5-day period. The results showed that 660-nm, 
820-nm and 870-nm wavelengths encouraged the macrophages to release factors that stimulated fibroblast proliferation above the 
control levels whereas the 880-nm wavelength either inhibited the release of these factors or encouraged the release of some 
inhibitory factors of fibroblast proliferation. These results suggest that light at certain wavelengths may be a useful therapeutic agent 
by providing a means of either stimulating or inhibiting fibroblast proliferation where necessary. At certain wavelengths coherence is 
not essential. 

MEDLINE INDEXING DATE: 199002 

ISSN: 0196-8092 

LANGUAGE: English 

UNIQUE NLM IDENTIFIER. 90042969 

CAS REGISTRY/EC NUMBER(S): 0 (Growth Substances) 
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List Contains 1 1tem. 

Current Search Formulation: +STOMPRO BE; + 1989 • All Articles 

This Document Selected From: 1989 - 1998 SurgAnLine<6> [1999 Edition] 

ARTICLE TITLE: Attachment of peptide growth factors to implantable collagen 
ARTICLE SOURCE: J Surg Res (United States), May 1989 . 46(5) p413-21 
AUTHOR(S): Comoro BE : Hansbrough JF; Boyce ST 

AUTHOR'S ADDRESS: Department of Surgery, University of California, San Diego Medical Center 92103. 

MAJOR SUBJECT HEADING(S): Collagen; Epidermal Growth Factor-Urogastrone; Epidermis [cytology]; Growth Substances; 

Heparin; Keratin 

MINOR SUBJECT HEADING(S): Cell Division; Cells, Cultured; Drug Combinations; Epidermal Growth Factor-Urogastrone 
[pharmacology]; Growth Substances [pharmacology]; Heparin [pharmacology]; Wound Healing 
INDEXING CHECK TAG(S): Support, U.S. Gov't, P.H.S. 
PUBLICATION TYPE: JOURNAL ARTICLE 

ABSTRACT: Ingrowth of fibrovascular tissue from the woundbed into collagen-based dermal substitutes and survival of cultured 
epithelium after transplantation may be enhanced by attachment of heparin binding growth factor 2 (HBGF2) and epidermal growth 
factor (EGF) to collagen. Biotinylation of collagen and the growth factors allows immobilization of HBGF2 and EGF by high affinity 
binding of tetravalent avidin. Biotinylated HBGF2 and EGF (B-GF) were exposed to complexes of biotinylated collagen (B-COL)-avidm 
(A) and detected with peroxidase-labefed avidin (AP) followed by chromagen formation on nitrocellulose paper. Binding of biotinylated 
HBGF2 and EGF was specific <\ P less than 0 05), proportional to the concentration of biotinylated collagen, and resistant to ionic 
(NaCI) displacement. Data are expressed as mean percentages of maximum binding ♦/- SEMs: (table; see text) Growth response of 
cultured human epidermal keratinocytes to HBGF2 (population doubling time, PDT - 0.70 population doublings (PD)/day) confirmed 
the retention of mitogenic activity after biotinylation (PDT * 0.80 PD/day). Specific binding of biotinylated HBGF2, EGF, or other 
biologically active molecules (antibiotics, NSAIDs) to implantable collagen may provide a mechanism for positive therapeutic 
modulation of wound healing, including repair of full-thickness skin wounds with cultured cell-collagen composite grafts. 
MEDLINE INDEXING DATE: 198908 
ISSN: 0022-4804 
LANGUAGE: English 
UNIQUE NLM IDENTIFIER: 89237142 

CAS REGISTRY/EC NUMBER(S): 0 (Drug Combinations); 0 (Fibroblast Growth Factor, Basic); 0 (Growth Substances); 62229-50-9 
(Epidermal Growth Factor-Urogastrone); 68238-35-7 (Keratin); 9005-49-6 (Heparin); 9007-34-5 (Collagen) 
GRANT ID NUMBER: GM35068-GM-NIGMS 
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List Contains 1 Kent. 

Current Search Formulation: +SATOT; ♦ 19J1 - All Articles 

This Document Selected From: 1989 - 1998 SurgAnLine® [1999 Edition) 

ARTICL6TITLE: Bone morphogenesis of rabbit bone morphogenetic protein-bound hydroxyapatHe-fibrin composite. 
ARTIC LE SOURC E: ClinOrthop (United States). Feb 1991. (263) P254-62 

AiiTMORfSV Sato T- Kawamura M; Sato K; Iwata H; Miura T ,,.«.,.. , 

effects); Composite Resins Ipharmaco.ogy): Fibrin (pharmacology); Growth 
VS^SSnlS^ Hyd roxyapatites (therapeutic use); Proteins (pharmacology); Rabb,ts 
INDEXING CHECK TAG(S): Animal 

^Tfffc^ have been implanted in patients and observed to be we.. "*~«««*^ 

abst^ k nyorw^p > v / morphogenetic protein and insoluble noncollagenous protein (BMP- 

SS? oXEZ " ^^ LIZesTral^re packed vSh granutated HAP (200 mg). fibrin (0.3 m.) : BMP-iNCP (5 mg). or 
^^SSS^^o. The fibrin consisted main.y of sterilized human fibrinogen ^^J*™^™ 
«™»ridi I ^mineralized rabbit cortical bone. New bone formation was observed at one. two, four, and eight weeks after 
^^S^SaS^ auamentec Inew bone formation in rabbit femoral condyles. Fibrin made the composite easier to 

'"ZZ^tsTal any period. The composites of HAP with BMP-iNCP and of HAP with BMP-iNCP and 
fibrin produced higher yields of new bone than fibrin alone or HAP alone. 
MEDLINE INDEXING DATE: 199105 
ISSN: 0009-92 1X 
LANGUAGE: English 

ca!?^ 1 0 (Bone Morphogenetic Proteins): 0 (Composite Resins); 0 (Growth Substances): 0 

(Hydroxyapatites); 1306-06-5 (Durapatite); 9001*31-4 (Fibrin) 
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C^t n ^rohFoIIii"»«tion: +HOCKEL M; + 1989 - All Articles 



This Document Selected From: 19J9 - 1998 SurgAnLine® [1999 Edition] 

ARTICLETITLE: Angiotropin treatment prevents flap necrosis and enhances dermal regeneration in rabbits. 
APTirui SOURC E; Arch Surg (United States). Jun 1989. 124(6) p693-8 
A UTHOR(S): Hockel M ; Burke JF 

^^^^TnStfs ^SS& Growth Substances [pharmaco.ogy); Necros.s [prevent . 

^•^r^^^^m^ Factor [administration & dosage); Graf. Survival; Injections, intradermal Rabbits; 

Skin (blood supply); Wound Healing 

iMn f XING CHE^* TAGfSl: Animal; Female; Male 

oi ipi ir.ATiON TYPE: JOURNAL ARTICLE cnlatlirl frnm f h e cerum-free media of cultured, lectin-activated peripheral 

ABSTRACT: Angioiropin is a potent ang.ogenes.s factonso at ^J^^^^S^S^ formation, but not proliferation of 
monocytes. In vitro, the purified substance ^^'^SSSsSS^ WdSSSSSSm fashion, angiogenesis associated with 
capillary endothelial cells. ^^^ I ^SS^ZS^ bteodSfiJSd a model for contraction-free defect healing in 
skin hyperplasia. We have de J^opjda flap^ ^^ n ^Sn^VX P necrosis and (2) derma, regeneration after 

i^issffi sasss*^^ - ™ mm be ° f use as an ad,uvant ,o 



healing in surgery. 

f^f -pt INE INDEXING DATE: 198909 
ISSN: 0004-0010 
i AMGUAGE: English 
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££25* "ovulation: +KHOURI RK; ♦ 1321 • All Articles 

This Document Selected From: 1989 - 1998 SurgAnLine® [1999 Edition] 

rIVq Suroical Flaps; Tissue Tran splantation [methods] -ncrvwiPHS 
^SSSSSSr^ Animal; Support. Non-U.S. Govt; Support. U.S. Govt. P.H.S. 

ot .p i ication TYPE: JOURNAL ARTICLE d int0 cartilage and bone can be induced by the recently 

ABSTRACT; The ^a^^ bone matrix. We .nvestigated the possibility of 

pT^ffied^steoinductive factor, osteogenin. ^^"SS^toMKWrtls of various shapes that could be used as skeletal 
transforming readily available 'EKSE^ biva,ved silicon * mbl>er m °' dS 

replacement parts. In a rat experimental "^JjLJ™^ with demineralized bone matrix. Five flaps served as 

Prior to closure of the mold. 18 flaps were • '^ e ^ bone matrix. The molds were implanted 

M p^,M C ifjnFXlfSJG DATE: 199112 
ISSN: 0098-7484 
LANGUAGE: English 

^I^^^^S'uUogenin); 0 (osteoinductive factor,; 0 (Glycoproteins); 0 (Growth Substances) 
ftPAMT ID NUMBER: 22-3335 44901 A 
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TITLE: 

AUTHORS: 

SOURCE: 
CITATION IDS: 
ABSTRACT: 



MAIN MESH HEADINGS: 

ADDITIONAL MESH 
HEADINGS: 



EXHIBIT C-ll 



An experimental evaluation of microcapsules for arterial 
chemoembolization. 

Bechtel W; Wright KC; Wallace S; Mosier B; Mosier D; 
Mir S; Kudo S 

Radiology 1986 Dec; 161 (3); 60 1-4 
PMID: 2947261 UI: 87068344 

Microcapsules, 106 micron (range, 50-350 micron), of 
different capsular materials (monoglyceride, 
monodiglyceride, natural wax, cellulose polymer, or lactic 
acid polymer) with and without floxuridine 
(2 , -deoxy-5-fluorouridine, FUDR) were intraarterial^ 
injected into dog kidneys. The drug-release characteristics of 
the microcapsules, as determined by analysis of renal and 
systemic venous blood samples over a 6-hour period, were 
uniphasic or multiphasic depending on the capsular material. 
Histologic changes of varying degrees were noted in all 
kidneys embolized except for those subjected to capsules of 
the cellulose polymer. The most striking changes were 
produced by the lactide polymer capsules. The potential 
applications of microencapsuled chemotherapeutic agents in 
intraarterial transcatheter treatment of cancer are 
discussed. 

Antineoplastic Agents/*administration & dosage 
"Embolization, Therapeutic 

Animal 

Antineoplastic Agents/blood 
Capsules 

Combined Modality Therapy 
Dogs 

Floxuridine/administration & dosage 

Floxuridine/blood 

Renal Artery 

Support, Non-U.S. Gov't 

Support, U.S. Gov't, P.H.S. 
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List Contains 1 Item. 

Current Search Formulation: +SPRECHER DL; ♦ 1989 - All Articles 
This Document Selected From: 1989 - 1998 SurgAnLine® [1999 Edition] 

ARTICLE TITLE: Histopathologic examination of material from angioplasty balloon catheters used in vivo in human coronary arteries. 

ARTICLE SOURCE: Atherosclerosis (Netherlands), Feb 1989 . 75(2-3) p237-44 

AUTHOR(S): Sorecher DL : Mikat EM; Stack R; Sutherland K; Schneider J; Bashore T; Hackel DB 

AUTHOR'S ADDRESS: University of Cincinnati Medical Center, Department of Pathology, OH 45267-0529. 

MAJOR SUBJECT HEADING(S): Angioplasty, Balloon; Arteriosclerosis [pathology]; Atherosclerosis [pathology]; Coronary Vessels 

[pathology]; Specimen Handling [methods] 

MINOR SUBJECT HEADINGfSV. Adult; Aged; Angina Pectoris [therapy]; Coronary Vessels (cytology]; Middle Age; Myocardial 

Infarction [therapy] „ «u ~ 

INDEXING CHECK TAG(S). Female; Human; Male; Support, U.S. Govt, P.H.S. 

PUBLICATION TYPE: JOURNAL ARTICLE ..... 
A BSTRACT Reports on vascular pathology post-PTCA in both human and animal coronary vessels have revealed medial and 
intimal cracks and tears, thrombus formation, platelet accumulation, and loss of endothelial cells. The extent and type of damage can 
currently be assessed in vivo at the macro level by means of coronary artery angiography. However, this technique cannot define 
vessel wall characteristics at the cellular level. Our hypothesis is that vessel wall material may adhere to the balloon and thus prov.de 
a source for coronary artery cytological investigation in vivo. Ten balloon catheters were evaluated to discern any matenal which was 
dislodged from the coronary artery and which remained attached to the balloon catheter or guide wire. Our results indicate that 
anaioplasty catheter balloons frequently have adherent collagen, endothelial cells, organized thrombus, and plaque with obvious 
cholesterol clefts that can be retrieved and examined histologically. We conclude that material is often dislodged from the plaque 
during PTCA. In addition, plaque material removed by the balloon catheter offers op unusual opportunity to analyze the morphologic 
characteristics of ceils from the human coronary artery in vivo. 
MEDLINE INDEXING DATE: 198908 
ISSN: 0021-9150 
LANGUAGE: English 
UNIQUE NLM IDENTIFIER: 89228141 
GRANT ID NUMBER: HLB 17670 
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List-Contains 1 1tem. 

Current Search Formulation: +JULLIEN P; + 1989 - AH Articles 

This Document Selected From: 1989 - 1998 SurgAnLine<S> [1999 Edition) 

ARTICLE TITLE: Acidic cellular environments: activation of latent TGF-beta and sensitization of cellular responses to TGF-beta and 
EGF. 

ARTICLE SOURCE: Int J Cancer (United States), May 15 1989. 43(5) p886-91 
AUTHOR(S): Jullien P ; Berg TM; Lawrence DA 

AUTHO R'S ADDRESS: Unite 532 CNRS, Institut Curie-Biologie, Orsay, France. 

major SUBJECT HEADING(S): Cell Transformation, Neoplastic; Epidermal Growth Factor-Urogastrone (pharmacology); 
Transforming Growth Factors [biosynthesis] 

MINOR SUBJECT ' HEADING(S): Agar; Blood; Cell Division (drug effects); Cell Line; Culture Media; Hydrogen-Ion Concentration; 
Lactates (pharmacology); Mice; Transforming Growth Factors [pharmacology) 
INDEXING CH^CK TAG(S>: Animal; Support, Non-U S. Gov't 

PUBLICATION TYPE: JOURNAL ARTICLE * Mt , 

ABSTRACT Transient (about 2 hr) acidification to approx. pH 5.0 of agar-gelled overlayers containing untransformed NRK-49F or 
KiMSV-transformed NRK-49F cells in the presence of fetal calf serum or crude 49F-cell conditioned medium, as sources of latent 
TGF-beta elicited EGF-dependent colony formation of 49F cells and inhibited spontaneous growth of transformed cells. Pure, active 
TGF-beta'(porcine type I) had the same effects on these respective cell types, suggesting that the above results were due to 
activation of latent TGF-beta in the transiently acidic cellular environment. Similar acidifications in the absence of a source of latent 
TGF-beta enhanced the positive growth response of 49F and AKR-2B cells to EGF and active TGF-beta and also the negative growth 
response of KiMSV-transformed 49F cells to active TGF-beta. These results are compatible with the idea that aadic cellular 
environments, particularly in tumor tissues, are conducive to activation of latent TGF-beta, perhaps in conjunction with other 
activating mechanisms, and to an enhanced response to some growth factors. However, the heterogene.ty of cell populations with.n 
tumoral masses presents an obstacle to a clear understanding of the consequences of such activation. 
MEDLINE INDEXING DATE: 198908 
ISSN: 0020-7136 
LANGUAGE: English 

CAS^ 0 (Culture Media); 0 (Lactates); 50-21-5 (Lactic Acid); 62229-50-9 (Epidermal Growth Factor- 

Urogastrone); 76057-06-2 (Transforming Growth Factors); 9002-18-0 (Agar) 
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cSiS?S:?c 1 h?o^ul.tlon: ♦MERRILEES MJ; ♦ 1990 - All Articles 
This Document Selected From: 1989 - 1998 SurgAnLine® [1999 Edition) 

article TITLE: Endothelial cel. stimulation of smooth muscle glycosaminoglycan synthesis can be accounted for by transforming 
^i^^t ^rosc^s (Netherlands). Apr 1990. 81(3) p255-65 

Vascular [me«abo.ism]: Sundry. Compounds [pharmacology]; 
^transforming Growth h actors (metabolism); T^psin [pharmacotogy] 
.KipPXiNG CHprx TAG(S): Animal; Support, Non-U.S. Govt 

oi. p| irATiON TYPE: Jou ^ NAL „ AR " r ' C 1 L ^_,, (PC rm contains a factor which markedly stimulates smooth muscle cell (SMC) 

^S6SL S2^5SS12£K^ transforming growth factor beta (TGF-beta) as 

glycosaminoglycan (GAG) synthesis, we repon _nere <vm i * n* CM activity and (3) neutralisaUon of ECCM 

assessed by (1) protease and * en **^ Leases \n both sulphated and non- 
activity by ^J*^SSSSSSk £1 £cM £^ individual GAG 10 de9reeS 
sulphated GAG. PrevK) u *^ d '' s *S* d ^ °^MA) whereas ECCM from intermediate and high density cultures 
ECCM from tow ^'^^XISSISgmV^S^ SMC to vary ng concentrations of TGF-beta produced a similar pattern 
stimulated increasing amounts of sulphated D l nem of feS ponse. Very low amounts of TGF-beta (less 

sssuss sxsssti ssss-wsisa ^. ^ <«. ««.«,. 

MFDLINE INDEXING DATE: 199009 
ISSN: 0021-9150 
^NGUAGE: English 

^^S£ 4 K 3.4.21 .4 (Trypsin); 0 (Glycosaminoglycans); 0 (Sulfhydryl Compounds); 76057-06-2 
(Transforming Growth Factors) 
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Ust Contains 1 ttem. 

Current Search Formulation: + YOUNG SR; ♦ 1990 - All Articles 

This Document Selected From: 1989 - 1998 SurgAnLine<S> (1999 Edition] 

ARTICLE TITLE' Macrophage responsiveness to therapeutic ultrasound. 
ARTICLE SOURCE: Ultrasound Med Biol (England). 1990, 16(8) p809-16 
AUTHOR(S): Youno SR ; Dyson M 

AUTHOR'S ADDRESS: Department of Anatomy, United Medical School, Guy's Hospital. London. England. 
MA i np RURJFCT HEADING(S): Macrophages (cytology]; Ultrasonic Therapy 

MINOR SUB^ = pT HEADING(S): Cell Count; Cell Division; Cell Line; Cell Survival; Fibroblasts [metabolism]; Growth Substances 
(biosynthesis}; Macrophages (metabolism] 
INDEXING CHECK TAG(S): Animal; Human 

PUBLICATION TYPE; JOURNAL ARTICLE ... 
ABSTRACT 7 Macrophages are a source of many important growth factors which can act as wound mediators during tissue repair. 
The aim of this work was to find out if levels of ultrasound which accelerate repair could stimulate the release of fibroblast mitogenic 
factors from an established macrophage-like cell line (U937). The U937 cells were exposed in vitro to continuous ultrasound at a 
space average, temporal average intensity of 0.5 W/cm2 at either 0.75 MHz or 3.0 MHz, for 5 min. The macrophage-conditioned 
medium was removed either 30 min or 12 h after exposure, and placed on 3T3 fibroblast cultures. Fibroblast proliferation (defined 
here as increase in cell number) was assessed over a 5-day period. The results showed that 0.75 MHz ultrasound appeared to be 
effective in liberating preformed fibroblast affecting substances from the U937 cells, possibly by producing permeability changes, 
whereas 3.0 MHz ultrasound appeared to stimulate the cell's ability to synthesize and secrete fibroblast mitogenic factors. 
MEDLINE INDEXING DATE: 199109 
ISSN: 0301-5629 
LANGUAGE: English 
UNIQUE NLM IDENTIFIER: 91247100 

CAS REGISTRY/EC NUMBER(S): 0 (fibroblast-activating factor); 0 (Growth Substances) 
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Current Search Formulation: +SHULTZ PJ; + 1989 - All Articles 

This Document Selected From: 1989 - 1998 SurgAnLine<6> [1999 Edition] 

ARTICLE TITLE: Mitogenic signals for thrombin in mesangial cells: regulation of phospholipase C and PDGF genes. 
ARTICLE SOURCE: Am J Physiol (United States), Sep 1§89 ( 257(3 Pt 2) pF366-74 
AUTHORfSi: Shuttz PJ : Knauss TC; Mene P; Abboud HE 

AUTHQR ; S A C5PRS^ Department of Medicine, Veterans Administration Medical Center, Cleveland, Ohio. 

MAJOR su£)F CT>iEAPING(S): Gene Expression Regulation; Glomerular Mesangium (physiology]; M.togens [physiology); 

Phosoholipase C [genetics]; Platelet-Derived Growth Factor {genetics]; Thrombin [physiology] 

MINOR SUBJECTVHEADINGfSV Calcium [metabolism]; Cytosol [metabolism]; Gene Expression Regulation [drug effects]; 
Glomerular Mesangium [cytology ) [metabolism]; Mitogens [pharmacology]; Phosphatidylinositols [metabolism]; Proteins [metabolism], 
RNA Messenger [metabolism]; Thrombin [pharmacology] 

INDEXING CHECK TAG(S): Human; Support, Non-U.S. Gov't; Support, U.S. Gov't. Non-P.H.S.; Support, U.S. Gov't, P.H.S. 
PURI ICATION TYPE: JOURNAL ARTICLE 

ABS TRACT Thrombin is a proteolytic enzyme of diverse biological activities, which is produced during activation of the coagulation 
pathway In addition, thrombin is a mitogen for fibroblasts and endothelial cells. Intraglomerular thrombosis and cell proliferation are 
common pathological features of several glomerular diseases. We studied the effect of thrombin on deo>cyribonucleic acid (DNA) 
synthesis in cultured human mesangial cells and explored mechanisms of signal transduction involved. Bovine and human thrombin 
caused dose-dependent increases in DNA synthesis, inositol trisphosphate, and cytosolic calcium ((Ca2+)iJ. A threefold increase in 
inositoi-3-trisphosphate (IP3) levels was observed as early as 10 s after the addition of thrombin, whereas increases in (Ca2+)i 
occurred within 5-10 s and declined rapidly. Stimulation of mesangial cells by thrombin resulted in induction of messenger ribonucleic 
acids (mRNAs) encoding platelet-derived growth factor (PDGF) A- and B-chains. This was associated with an enhanced secretion of 
PDGF-like protein. These data provide mechanisms by which thrombin may regulate mesangial cell function in disease states. 
MEDLINE INDEXING DATE: 198912 
ISSN: 0002-9513 
LANGUAGE: English 
UNIQUE NLM IDENTIFIER: 89390640 

CAS REGISTRY/EC NUMBER(S): EC 3.1.4.3 (Phospholipase C); EC 3.4.21.5 (Thrombin); 0 (Mitogens); 0 (Phosphatidylinositols); 0 
(Platelet-Derived Growth Factor); 0 (RNA, Messenger); 7440-70-2 (Calcium) 
GRANT ID NUMBER: DK-33665-DK-NIDDK; DK-07470-DK-NIDDK 
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Current Starch Formulation: " electrical stimulation of growth + 1989 -All Articles; ♦ I99fi - All Articles* + 1991 - All Articles + 
1282- All Articles; ♦ JS93 - All Articles ' 

This Document Selected From: 1969 - 1998 SurgAnlinefc (1999 Edition] 

ARTICLE TITLE: Weak direct current accelerates spliMhickness graft heating on tangentiatty excised second-degree burns 
ARTICLE SOURCE: J Burn Care Rehabil (United States), JuKAug 1221, 12(4) p285-93 
AUTHORS: Chu CS; McManus AT; Okerberg CV; Mason AD Jr; Pruitt BA Jr 

AUTHOR'S OPPRESS: Library Branch, United States Army Institute or Surgical Research, Fort Sam Houston. TX 78234-5012 
MAJOR SMBJECT H5AP*NQfS); Bums [phytopathology]; Electric Stimulation Therapy: Skin Transplantation; Wound Healing 
[physiology] 

MINOR SUBJECT HEADINGS: Bums (pathology] [surgery]; Cell Division; Guinea Pigs; Skin Transplantation [pathology]; Skin 
[pathology]; Transplantation, Autologous 
INPEXttyG CHECK TAgfS); Animal; Male 
PUBLICATION TYPE: JOURNAL ARTICLE 

ABSTRACT: We have examined the effects of direct current (DC) conducted through sitver-nyfon dressings on the healing time and 
morphologic maturation of split-thickness grafts placed on tangentialiy excised deep partial-thickness burn wounds. Male guinea pigs 
(n * 120) were used as the experimental hosts. The DC-treated animals required 2 days for complete revascularization of their grafts 
control animals required 7 days (p less than 0.01). The DC-treated animals had increased epithelial proliferation at the graft-wound 
interface as compared with controls (p less than 0.01). Grafts from DC-treated animals were firmly adherent within 4 days, whereas 
graft adherence in controls was weak before 7 days after grafting. At 3 months after grafting, control animal grafts had mild 
contraction with moderate hair and thick subepidermal fibrosis; the grafts in DC-treated animals expanded with the growth of the 
animals and had abundant hair growth and significantly reduced dermal fibrosis (p less than 0.01). 
M6WNEINPEXINQPATE: 199202 
ISSN: 0273-8481 

UNIQUE NLM IDENTIFIER: 92042249 
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Docket No. 1000-10-CP 
FOURTH SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 
James P. Elia 

Serial No.: 10/179,589 

Filed: June 25, 2002 

For: METHOD FOR GROWING 
HUMAN ORGANS AND 
SUBORGANS 

FOURTH SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 

I Richard Heuser declare as follows: 

1 . I have offices at 555 N. 1 8 th Street, Suite 300, Phoenix, Arizona 85006. 

2. My Curriculum Vitae was attached as Exhibit A to my Declaration of November 
16, 2004. Paragraph 3 of my Declaration and my Supplemental Declaration of 
February 15, 2005 provide additional information regarding my background and 
experience. 

3. I have read and understood the disclosures of the above-referenced patent 
application Serial No. 10/179,589 at page 4, line 1 through page 5, line 14; at 
page 13, lines 3-10; at page 22, line 5 through page 24, line 15; and at page 26, 
line 3 through page 27, line 3. A copy of such disclosures was attached as Exhibit 
B to my Third Supplemental Declaration dated April 20, 2007. It is my 
understanding that the same disclosure is found in co-pending patent application. 
Serial No. 11/986,690. It is my further understanding that the same disclosures 
mentioned above are found at different pages and line numbers in the 



Group Art Unit: 1647 
Examiner: Daniel C. Gamett 
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Docket No. 1000-10-CP 
FOURTH SUPPL HEUSER DECLARATION 

specifications of co-pending patent application Serial Nos. 09/794,456; 
09/836,750; 09/064,000; and 11/891,456. 

I have also read and understood additional disclosures of the above-referenced 
patent application Serial No. 10/179,589 at page 9, lines 14-16; page 17, line 1 
through page 20, line 8; page 21, lines 23 and 24; page 27, lines 1-3; page 28, 
lines 12-16; page 32, line 20 through page 39, line 19; and page 44, lines 8-17. A 
copy of such additional disclosures was attached as Exhibit C to my Third 
Supplemental Declaration dated April 20, 2007. It is my understanding that the 
same disclosure is found in co-pending patent application. Serial No. 11/986,690. 
It is my further understanding that the same disclosures mentioned above are 
found at different pages and line numbers in the specifications of co-pending 
patent application Serial Nos. 09/794,456; 09/836,750; 09/064,000; and 
11/891,456. 

I note that the disclosures referenced in above Paragraph 3 relate to using a 
growth factor for promoting the growth of soft tissue, and more specifically, to a 
method of using a cellular growth factor, such as a stem cell, to grow an artery 
and/or cardiac muscle. 

I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit A and have been informed that such claims will 
be presented in the above-referenced patent application Serial No. 10/179,589. 

I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit B and have been informed that such claims are 
pending in co-pending application Serial No. 1 1/986,690. 
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I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit C and have been informed that such claims are 
pending in co-pending application Serial No. 09/794,456. 

I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit D and have been informed that such claims are 
pending in co-pending application Serial No. 09/836,750. 

I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit E and have been informed that such claims are 
pending in co-pending application Serial No. 09/064,000. 

I have read and understood the claims set forth in the attached Fourth 
Supplemental Declaration Exhibit F and have been informed that such claims are 
pending in co-pending application Serial No. 1 1/891,456. 

6. Based upon above Paragraphs 3-5, it is and remains my opinion that one skilled in 
the medical arts, armed with the direction and knowledge in such paragraphs, 
would be able to practice the method set forth in attached Exhibits A-F without 
need for resorting to undue experimentation. 

7. I understand from reading the claims mentioned in above Paragraph 5 that 
implanting a composition which promotes artery growth is required and that 
artery growth requires the formation of multiple tissue layers comprising at least 
endothelial and smooth muscle cells. I also understand that it was commonly 
known at the time of the Elia invention, April 21, 1998, that bone marrow 
comprise stem cells that are pluripotent in that they are capable of forming 
multiple tissue types. I further understand that it was known that bone marrow 
contains CD34+ endothelial progenitor cells and that the medical art is aware that 
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such cells are unipotent and only differentiate into endothelial cells. When only 
CD34+ endothelial progenitor cells are transplanted into a human patient, it is not 
possible to cause artery formation because CD34+ endothelial progenitor cells do 
not differentiate into smooth muscle cells. In my opinion, it is not possible to 
cause artery formation by implanting only CD34+ endothelial progenitor cells 
into a human patient. 

8. I have read and understood the language "stem cells harvested from bone 
marrow" as defined in the written disclosures above-mentioned patent 
applications and claims to encompass the entire population of bone marrow 
mononuclear cells and cellular components, including a range of cytokines, in 
contrast with any fractionated population of such cells. It is my understanding that 
as of circa the date of the Elia invention those skilled in the medical arts did not 
limit the scope of the term bone marrow stem cells to a subset of mononuclear 
cells composed of CD34+ endothelial progenitor cells. It is my opinion that one 
skilled in the medical arts reading the application at the time of filing, April 21, 
1998, would have understood that the language was intended to describe a 
composition comprised of the entire population of bone marrow cellular 
components. To conclude otherwise, specifically in the absence of explicit 
direction to conduct a fractionation of cells, would require such a skilled person to 
ignore the decades of use of such language in the medical arts, particularly in 
regard to the practice of treating patients with bone marrow transplants. 

9. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
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knowledge are true and that all statements made on information and belief are believed to be 
true. 



Further Declarant sayeth not. 



Date: 




EXHIBIT A 



Claim 161 



Claim 162 



Claim 163 



Claim 164 



Claim 165 



Claim 166 



Claim 167 



Claim 168 



Claim 169 



Claim 170 



CLAIMS 

The method of claim 174, wherein said stem cell comprises 
a living stem cell harvested from bone marrow. 

The method of claim 161, wherein said bone marrow is 
from said patient. 

The method of claim 174, wherein said stem cell comprises 

a living stem cell harvested from blood. 

The method of claim 163, wherein said blood is from said 

patient. 

The method of claim 174, wherein said stem cell is obtained 
from cell culture techniques. 

The method of claim 174, wherein said stem cell is placed 
into soft tissue in said body. 

The method of claim 166, wherein said stem cell is injected 
into said soft tissue. 

The method of claim 161, wherein said stem cell is placed 
into soft tissue in said body. 

The method of claim 168, wherein said stem cell is injected 
into said soft tissue. 

The method of claim 174, wherein said stem cell comprises 
a pluripotent stem cell. 



The method of claim 170, wherein said pluripotent stem cell 
is placed in a leg of said patient by injection. 

The method of claim 174 further comprising determining 
blood flow through said artery. 

The method of claim 174 further comprising observing said 
artery. 

A method of growing and integrating a desired artery at a 
selected site in a body of a human patient comprising the 
steps of locally placing a stem cell in a body of a human 
patient and growing said desired artery which integrates 
itself into said body at said selected site. 

The method of claim 174, wherein said desired artery is 
grown around a blocked leg artery to bypass said blocked 
leg artery. 

The method of claim 175, wherein said desired artery is 
grown around a blocked leg artery to bypass said blocked 
leg artery. 

The method of claim 175, wherein said cell is placed into a 
leg artery. 

The method of claim 176, wherein said cell is injected into a 
leg artery. 



The method of claim 174, wherein said desired artery is 

grown around an at least partially blocked coronary artery to 

bypass said at least partially blocked coronary artery. 

The method of claim 175, wherein said desired artery is 

grown around an at least partially blocked coronary artery to 

bypass said at least partially blocked coronary artery. 

The method of claim 174, wherein said cell is placed into 

cardiac muscle of said human patient. 

The method of claim 175, wherein said cell is injected into 

cardiac muscle of said human patient. 

The method of claim 1 74, wherein said cell is placed into a 

partially blocked coronary artery of said human patient. 

The method of claim 175, wherein said cell is injected into a 

partially blocked coronary artery of said human patient. 

A method of growing and integrating a desired artery at a 

leg of the body of a human patient comprising the steps of 

injecting a pluripotent stem cell into a wall of an at least 

partially blocked leg artery and growing an artery which 

integrates itself into said body at the site of injection and 

bypasses said at least partially blocked artery. 



A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into, a wall of an at least 
partially blocked coronary artery and growing an artery 
which integrates itself into said body at the site of injection 
and bypasses said at least partially blocked artery. 
A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into cardiac muscle and 
growing an artery which integrates itself into said body at 
the site of injection. 



EXHIBITS 

Claims in c o-pending application Serial No. 11/986.690 



CLAIMS 



Claim 6 



Claim 7 



Claim 8 



Claim 9 



Claim 10 



Claim 1 1 



Claim 12 



A method of growing and integrating a desired artery at a 
selected site in a body of a human patient comprising the 
steps of locally placing a cell in a body of a human patient 
and growing said desired artery which integrates itself into 
said body at said selected site. 

The method of claim 6, wherein said cell is placed into soft 
tissue in said body. 

The method of claim 7, wherein said cell is injected into 
said soft tissue. 

The method of claim 6, wherein said cell comprises a 
pluripotent stem cell. 

The method of claim 9, wherein said pluripotent stem cell is 
placed in a leg of said patient by injection. 

The method of claim 6 further comprising determining 
blood flow through said artery. 

The method of claim 6 further comprising observing said 
artery. 



The method of claim 7, wherein said desired artery is grown 
around a blocked leg artery to bypass said blocked leg 
artery. 

The method of claim 8, wherein said desired artery is grown 
around a blocked leg artery to bypass said blocked leg 
artery. 

The method of claim 13, wherein said cell is placed into a 
leg artery. 

The method of claim 14, wherein said cell is injected into a 
leg artery. 

The method of claim 7, wherein said desired artery is grown 
around an at least partially blocked coronary artery to 
bypass said at least partially blocked coronary artery. 

The method of claim 8, wherein said desired artery is grown 

around an at least partially blocked coronary artery to 

bypass said at least partially blocked coronary artery. 

The method of claim 7, wherein said cell is placed into 

cardiac muscle of said human patient. 

The method of claim 8, wherein said cell is injected into 

cardiac muscle of said human patient. 

The method of claim 7, wherein said cell is placed into a 

partially blocked coronary artery of said human patient. 



The method of claim 8, wherein said cell is injected into a 
partially blocked coronary artery of said human patient. 

A method of growing and integrating a desired artery at a 
leg of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked leg artery and growing an artery which 
integrates itself into said body at the site of injection and 
bypasses said at least partially blocked artery. 
A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked coronary artery and growing an artery 
which integrates itself into said body at the site of injection 
and bypasses said at least partially blocked artery. 

A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into cardiac muscle and 
growing an artery which integrates itself into said body at 
the site of injection. 

The method of claim 6, wherein a gene is included with said 
cell 

The method of claim 26, wherein said cell contains a gene 
inserted in said cell. 



EXHIBIT C 

Claims in co-pending application Serial No, 09/794.456 



CLAIMS 

Claim 7 A method of repairing a dead portion of a pre-existing heart comprising 

the steps of: placing a growth factor at a selected area of a human 
patient; and forming a new artery thereby causing said dead portion of 
said heart to be repaired. 

Claim 12 The method of claim 7, wherein said growth factor comprises a cell. 



Claim 15 The method of claim 12, wherein said growth factor is placed in said 

patient by injection. 

Claim 18 The method of claim 15, wherein said injection is intramuscular. 

Claim 19 The method of claim 12, wherein said growth factor is placed in said 

patient by a carrier. 

Claim 21 A method of repairing a damaged portion of a pre-existing heart 

comprising the steps of: placing a growth factor at a selected area of a 
human patient; and forming a new artery thereby causing said damaged 
portion of said heart to be repaired. 

Claim 26 The method of claim 21, wherein said growth factor comprises a cell. 

Claim 29 The method of claim 26, wherein said growth factor is placed in said 

patient by injection. 



Claim 32 



The method of claim 29, wherein said injection is intramuscular. 



Claim 33 The method of claim 26, wherein said growth factor is placed in said 

patient by a carrier. 

Claim 35 A method of repairing a dead portion of a preexisting heart comprising 

the steps of placing a living stem cell harvested from bone marrow at a 
selected area of a human patient and forming a new artery thereby 
causing said dead portion of said heart to be repaired. 

Claim 36 The method of claim 35, wherein said living stem cell is placed in said 

patient by injection. 

Claim 37 The method of claim 35, wherein said living stem cell is locally placed 

in said patient. 

Claim 38 A method of repairing a damaged portion of a preexisting heart 

comprising the steps of placing a living stem cell harvested from bone 
marrow at a selected area of a human patient and forming a new artery 
thereby causing said damaged portion of said heart to be repaired. 

Claim 39 The method of claim 38, wherein said living stem cell is placed in said 

patient by injection. 

Claim 40 The method of claim 38, wherein said living stem cell is locally placed 

in said patient. 

Claim 41 The method of claim 7, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said dead portion of said heart. 

Claim 42 The method of claim 21, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said damaged portion of said heart. 



Claim 43 The method of claim 41 , wherein said cell comprises a stem cell. 

Claim 44 The method of claim 43, wherein said stem cell is injected into said 

heart. 

Claim 45 The method of claim 42, wherein said cell comprises a stem cell. 

Claim 46 The method of claim 45, wherein said stem cell is injected into said 

heart. 

Claim 53 The method of claim 7 further comprising calculating blood flow 

through said newly formed artery. 
Claim 54 The method of claim 7 further comprising observing said newly 

formed artery. 

Claim 55 The method of claim 21 further comprising calculating blood flow 

through said newly formed artery. 
Claim 56 The method of claim 21 further comprising observing said newly 

formed artery. 

Claim 57 The method of claim 35, wherein said bone marrow stem cells are 

harvested from the patient and are placed into the heart of the patient 
by injecting said stem cells at a site adjacent said dead portion. 

Claim 58 The method of claim 38, wherein said bone marrow stem cells are 

harvested from the patient and are placed into the heart of the patient 
by injecting said stem cells at a site adjacent said damaged portion. 



EXHIBIT D 

Claims in co-pending application Serial No. 09/836.750 



CLAIMS 

Claim 236 A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
' growing new cardiac muscle and growing a new artery in said heart. 

Claim 238 The method of claim 23 6, further comprising repairing a dead portion 
of said heart. 

Claim 239 The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

Claim 244 The method of claim 236, wherein said growth factor comprises a cell. 

Claim 247 The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

Claim 250 The method of claim 247, wherein said injection is intramuscular. 

Claim 251 The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

Claim 253 The method of claim 236, wherein said growth factor comprises a gene 
and a cell. 

Claim 257 The method of claim 236, wherein said growth factor is locally placed 
in said body. 
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Claim 258 The method of claim 238, wherein said growth factor is locally placed 
in said body. 

Claim 259 The method of claim 239, wherein said growth factor is locally placed 
in said body. 

Claim 260 The method of claim 244, wherein said growth factor is locally placed 
in said body. 

Claim 261 The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

Claim 262 The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

Claim 263 The method of claim 239, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 

Claim 271 The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 

Claim 280 The method of claim 236 further comprising calculating blood flow 
through said newly grown artery. 



Claim 281 The method of claim 238 further comprising calculating blood flow 
through said newly grown artery. 

Claim 282 The method of claim 239 further comprising calculating blood flow 
through said newly grown artery. 

Claim 283 The method of claim 236 further comprising observing said newly 
grown artery. 

Claim 284 The method of claim 238 further comprising observing said newly 
grown artery. 

Claim 285 The method of claim 239 further comprising observing said newly 
grown artery. 

Claim 288 The method of claim 261, wherein said stem cells are harvested from 
bone marrow of said patient and are placed into the heart of the patient 
by injection. 

Claim 289 The method of claim 268, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said dead portion. 

Claim 290 The method of claim 269, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said damaged portion. 



EXHIBIT E 

Claims in c o-pending application Serial No. 09/064.000 



Claim 403 



Claim 404 



Claim 405 



Claim 407 



CLAIMS 

A method for growing and integrating tissue consisting 
of desired soft tissue at a selected site in a body of a 
human patient wherein said desired soft tissue comprises 
a desired artery comprising the steps of: 

(a) locally injecting stem cells into said body at said 
selected site; 

(b) forming a bud at said selected site; and 

(c) growing said desired artery from said bud wherein 
said artery integrates itself into said body of said 
human patient at said selected site. 

The method of claim 403, wherein said selected site 
comprises a damaged site in a leg of said patient and said 
stem cells are injected intramuscularly. 
The method of claim 403 , wherein said selected site 
comprises a damaged site in a heart of said patient and 
said stem cells are injected intramuscularly. 

The method of claim 403, wherein said stem cell 
comprises a living stem cell harvested from bone 
marrow. 



The method of claim 407, wherein said bone marrow is 
from said patient. 

The method of claim 403 , wherein said stem cell 
comprises a living stem cell harvested from blood. 
The method of claim 409, wherein said blood is from 
said patient. 

The method of claim 403 further comprising determining 
blood flow through said desired artery. 
The method of claim 403 further comprising observing 
said desired artery. 



EXHIBIT F 



Claims in co-pending application Serial No. 11/891,456 



CLAIMS 

Claim 6 A method for producing and integrating tissue consisting of a desired soft 

tissue at a selected site in a body of a human patient comprising: 

(a) placing cells in said body of said human patient; 

(b) forming a bud at said selected site in said body of said human patient; 
and 

(c) growing said desired soft tissue which integrates itself into said body of 
• said human patient from said bud. 



Claim 7 The method of claim 6, wherein said cells are multifactorial and non-specific. 

Claim 8 The method of claim 7, wherein said cells comprise stem cells. 

Claim 9 The method of claim 6 further comprising forming a new artery. 

Claim 1 0 The method of claim 7 further comprising forming a new artery. 

Claim 1 1 The method of claim 6, wherein said soft tissue comprises mesodermal tissue. 

Claim 12 The method of claim 6, wherein said soft tissue comprises an artery. 

Claim 13 The method of claim 6, wherein said cells comprise stem cells. 

Claim 14 The method of claim 13, wherein said soft tissue comprises an artery. 

Claim 1 5 The method of claim 6, wherein said cells comprise pluripotent cells. 



Claim 16 
Claim 17 
Claim 18 

Claim 19 
Claim 20 
Claim 21 
Claim 22 
Claim 23 
Claim 24 

Claim 25 
Claim 26 

Claim 31 



The method of claim 15, wherein said soft tissue comprises an artery. 

The method of claim 15, wherein said cells comprise stem cells. 

The method of claim 17, wherein said stem cells are multifactorial and non- 
specific. 

The method of claim 6, wherein said cells are injected into said body. 

The method of claim 6, wherein said cells are locally placed into said body. 

The method of claim 20, wherein said cells comprise stem cells. 

The method of claim 20, wherein said cells are injected intramuscularly. 

The method of claim 21, wherein said stem cells are injected intramuscularly. 

The method of claim 12 further comprising determining blood flow through 
said new artery. 

The method of claim 12 further comprising observing said new artery. 

The method of claim 23, wherein said selected site comprises a leg of said 

patient. 

A method for growing and integrating tissue consisting of desired soft tissue at 
a selected site in a body of a human patient wherein said desired soft tissue 
comprises a desired artery comprising the steps of: 

(a) locally injecting stem cells into said body at said selected site; 

(b) forming a bud at said selected site; and 

(c) growing said desired artery from said bud wherein said artery integrates 
itself into said body of said human patient at said selected site. 



The method of claim 31, wherein said selected site comprises a damaged site in 

a leg of said patient and said stem cells are injected intramuscularly. 

The method of claim 31, wherein said selected site comprises a damaged site in 

a heart of said patient and said stem cells are injected intramuscularly. 

The method of claim 31, wherein said stem cell comprises a living stem cell 

harvested from bone marrow. 

The method of claim 34, wherein said bone marrow is from said patient. 

The method of claim 3 1 , wherein said stem cell comprises a living stem cell 

harvested from blood. 

The method of claim 36, wherein said blood is from said patient. 
The method of claim 31 further comprising determining blood flow through 
said desired artery. 

The method of claim 3 1 further comprising observing said desired artery. 
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OF ANDREW E. LORINCZ. M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 

2. My Curriculum Vitae was attached as Exhibit A to my Declaration of November 
8, 2004. Paragraph 3 of my Declaration and my Supplemental Declaration of 
June 5, 2006 provided additional information regarding my background and 
experience. 



3. I have read and understood the disclosures of the above-referenced patent 
application Serial No. 10/179,589 at page 4, line 1 through page 5, line 14; at 
page 13, lines 3-10; at page 22, line 5 through page 24, line 15; and at page 26, 
line 3 through page 27, line 3. A copy of such disclosures was attached as Exhibit 
B to my Second Supplemental Declaration dated April 19, 2007. It is my 
understanding that the same disclosure is found in co-pending patent application. 
Serial No. 11/986,690. It is my further understanding that the same disclosures 
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mentioned above are found at different pages and line numbers in the 
specifications of co-pending patent application Serial Nos. 09/794,456; 
09/836,750; 09/064,000; and 11/891,456. 

I have also read and understood additional disclosures of the above-referenced 
patent application Serial No. 10/179,589 at page 9, lines 14-16; page 17, line 1 
through page 20, line 8; page 21, lines 23 and 24; page 27, lines 1-3; page 28, 
lines 12-16; page 32, line 20 through page 39, line 19; and page 44, lines 8-17. A 
copy of such additional disclosures was attached as Exhibit C to my Second 
Supplemental Declaration dated April 19, 2007. It is my understanding that the 
same disclosure is found in co-pending patent application. Serial No. 11/986,690. 
It is my further understanding that the same disclosures mentioned above are 
found at different pages and line numbers in the specifications of co-pending 
patent application Serial Nos. 09/794,456; 09/836,750; 09/064,000; and 
11/891,456. 

I note that the disclosures referenced in above Paragraph 3 relate to using a 
growth factor for promoting the growth of soft tissue, and more specifically, to a 
method of using a cellular growth factor, such as a stem cell, to grow an artery 
and/or cardiac muscle. 

I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit A and have been informed that such claims will 
be presented in the above-referenced patent application Serial No. 10/179,589. 

I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit B and have been informed that such claims are 
pending in co-pending application Serial No. 1 1/986,690. 
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I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit C and have been informed that such claims are 
pending in co-pending application Serial No. 09/794,456. 

I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit D and have been informed that such claims are 
pending in co-pending application Serial No. 09/836,750. 

I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit E and have been informed that such claims are 
pending in co-pending application Serial No. 09/064,000. 

I have read and understood the claims set forth in the attached Third 
Supplemental Declaration Exhibit F and have been informed that such claims are 
pending in co-pending application Serial No. 1 1/891,456. 

6. Based upon above Paragraphs 3-5, it is and remains my opinion that one skilled in 
the medical arts, armed with the direction and knowledge in such paragraphs, 
would be able to practice the method set forth in attached Exhibits A-F without 
need for resorting to undue experimentation. 

7. I understand from reading the claims mentioned in above Paragraph 5 that 
implanting a composition which promotes artery growth is required and that 
artery growth requires the formation of multiple tissue layers comprising at least 
endothelial and smooth muscle cells. I also understand that it was commonly 
known at the time of the Elia invention, April 21, 1998, that bone marrow 
comprise stem cells that are pluripotent in that they are capable of forming 
multiple tissue types. I further understand that it was known that bone marrow 
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contains CD34+ endothelial progenitor cells and that the medical art is aware that 
such cells are unipotent and only differentiate into endothelial cells. When only 
CD34+ endothelial progenitor cells are transplanted into a human patient, it is not 
possible to cause artery formation because CD34+ endothelial progenitor cells do 
not differentiate into smooth muscle cells. In my opinion, it is not possible to 
cause artery formation by implanting only CD34+ endothelial progenitor cells 
into a human patient. 

8. I have read and understood the language "stem cells harvested from bone 
marrow" as defined in the written disclosures above-mentioned patent 
applications and claims to encompass the entire population of bone marrow 
mononuclear cells and cellular components, including a range of cytokines, in 
contrast with any fractionated population of such cells. It is my understanding that 
as of circa the date of the Elia invention those skilled in the medical arts did not 
limit the scope of the term bone marrow stem cells to a subset of mononuclear 
cells composed of CD34+ endothelial progenitor cells. It is my opinion that one 
skilled in the medical arts reading the application at the time of filing, April 21, 
1998, would have understood that the language was intended to describe a 
composition comprised of the entire population of bone marrow cellular 
components. To conclude otherwise, specifically in the absence of explicit 
direction to conduct a fractionation of cells, would require such a skilled person to 
ignore the decades of use of such language in the medical arts, particularly in 
regard to the practice of treating patients with bone marrow transplants. 

9. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
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the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 

Further Declarant sayeth not. 



Date: 02.-02-2.01 0 (XjU^ur £ « cU^^c, t , 

Andrew E. Lorincz, M.D. 
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EXHIBIT A 



Claims in instant application Serial No. 10/179.589 



Claim 161 



Claim 162 



Claim 163 



Claim 164 



Claim 165 



Claim 166 



Claim 167 



Claim 168 



Claim 169 



CLAIMS 

The method of claim 174, wherein said stem cell comprises 
a living stem cell harvested from bone marrow. 

The method of claim 161, wherein said bone marrow is 
from said patient. 

The method of claim 174, wherein said stem cell comprises 

a living stem cell harvested from blood. 

The method of claim 163, wherein said blood is from said 

patient. 

The method of claim 174, wherein said stem cell is obtained 
from cell culture techniques. 

The method of claim 174, wherein said stem cell is placed 
into ; soft tissue in said body. 

The method of claim 166, wherein said stem cell is injected 
into said soft tissue. 

The method of claim 161, wherein said stem cell is placed 
into soft tissue in said body. 

The method of claim 168, wherein said stem cell is injected 
into said soft tissue. 



Claim 171 



Claim 172 



Claim 173 



Claim 174 



Claim 175 



Claim 176 



Claim 177 



Claim 178 



The method of claim 170, wherein said pluripotent stem cell 
is placed in a leg of said patient by injection. 
The method of claim 174 further comprising determining 
blood flow through said artery. 

The;method of claim 174 further comprising observing said 
artery. 

A method of growing and integrating a desired artery at a 
selected site in a body of a human patient comprising the 
steps of locally placing a stem cell in a body of a human 
patient and growing said desired artery which integrates 
itself into said body at said selected site. 

The method of claim 174, wherein said desired artery is 
grown around a blocked leg artery to bypass said blocked 
leg artery. 

The method of claim 175, wherein said desired artery is 
grown around a blocked leg artery to bypass said blocked 
leg artery. 

The method of claim 175, wherein said cell is placed into a 
leg artery. 

The method of claim 176, wherein said cell is injected into a 
leg artery. 



Claim 179 



Claim 180 



Claim 181 



Claim 182 



Claim 183 



Claim 184 



Claim 185 



The method of claim 174, wherein said desired artery is 
grown around an at least partially blocked coronary artery to 
bypass said at least partially blocked coronary artery. 
The method of claim 175, wherein said desired artery is 
grown around an at least partially blocked coronary artery to 
bypass said at least partially blocked coronary artery. 
The method of claim 174, wherein said cell is placed into 
cardiac muscle of said human patient. 
The method of claim 175, wherein said cell is injected into 
cardiac muscle of said human patient. 
The method of claim 174, wherein said cell is placed into a 
partially blocked coronary artery of said human patient. 
The method of claim 175, wherein said cell is injected into a 
partially blocked coronary artery of said human patient. 
A method of growing and integrating a desired artery at a 
leg of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked leg artery and growing an artery which 
itegrates itself into said body at the site of injection and 



int 



bypasses said at least partially blocked artery. 



A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked coronary artery and growing an artery 
which integrates itself into said body at the site of injection 
and bypasses said at least partially blocked artery. 
A Method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into cardiac muscle and 
growing an artery which integrates itself into said body at 
the site of injection. 



EXHIBIT B 

Claims in co-pending application Serial No . 11/986,690 



CLAIMS 



Claim 6 



Claim 7 



Claim 8 



Claim 9 



Claim 10 



Claim 1 1 



Claim 12 



A method of growing and integrating a desired artery at a 
selected site in a body of a human patient comprising the 
steps of locally placing a cell in a body of a human patient 
and growing said desired artery which integrates itself into 
said body at said selected site. 

The method of claim 6, wherein said cell is placed into soft 
tissue in said body. 

The method of claim 7, wherein said cell is injected into 
said, soft tissue. 

The method of claim 6, wherein said cell comprises a 
pluripotent stem cell. 

The method of claim 9, wherein said pluripotent stem cell is 
placed in a leg of said patient by injection. 
The method of claim 6 further comprising determining 
blood flow through said artery. 

The method of claim 6 further comprising observing said 
artery. 



The method of claim 7, wherein said desired artery is grown 
around a blocked leg artery to bypass said blocked leg 
artery. 

The method of claim 8, wherein said desired artery is grown 
around a blocked leg artery to bypass said blocked leg 
artery. 

The method of claim 13, wherein said cell is placed into a 
leg artery. 

The method of claim 14, wherein said cell is injected into a 
leg artery. 

The method of claim 7, wherein said desired artery is grown 
around an at least partially blocked coronary artery to 
bypass said at least partially blocked coronary artery. 

The method of claim 8, wherein said desired artery is grown 

around an at least partially blocked coronary artery to 

bypass said at least partially blocked coronary artery. 

The method of claim 7, wherein said cell is placed into 

cardiac muscle of said human patient. 

The method of claim 8, wherein said cell 'is injected into 

cardiac muscle of said human patient. 

The method of claim 7, wherein said cell is placed into a 

partially blocked coronary artery of said human patient. 



Claim 22 



Claim 23 



Claim 24 



Claim 25 



Claim 26 



Claim 27 



The method of claim 8, wherein said cell is injected into a 
partially blocked coronary artery of said human patient. 

A method of growing and integrating a desired artery at a 
leg of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked leg artery and growing an artery which 
integrates itself into said body at the site of injection and 
bypasses said at least partially blocked artery. 
A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into a wall of an at least 
partially blocked coronary artery and growing an artery 
which integrates itself into said body at the site of injection 
and bypasses said at least partially blocked artery. 
A method of growing and integrating a desired artery at a 
heart of the body of a human patient comprising the steps of 
injecting a pluripotent stem cell into cardiac muscle and 
growing an artery which integrates itself into said body at 
the site of injection. 

The method of claim 6, wherein a gene is included with said 
cell. 

The method of claim 26, wherein said cell contains a gene 
inserted in said cell. 



EXHIBIT C 

Claims in co-pending application Serial No. 09/794.456 



Claim 7 



Claim 12 



CLAIMS 

A method of repairing a dead portion of a pre-existing heart comprising 
the steps of: placing a growth factor at a selected area of a human 
patient; and forming a new artery thereby causing said dead portion of 
said heart to be repaired. 

The method of claim 7, wherein said growth factor comprises a cell. 



Claim 15 The method of claim 12, wherein said growth factor is placed in said 

patient by injection. 

Claim 1 8 The method of claim 15, wherein said injection is intramuscular. 

Claim 19 The method of claim 12, wherein said growth factor is placed in said 

patient by a carrier. 

Claim 21 A method of repairing a damaged portion of a pre-existing heart 

comprising the steps of: placing a growth factor at a selected area of a 
human patient; and forming a new artery thereby causing said damaged 
portion of said heart to be repaired. 

Claim 26 The method of claim 2 1 , wherein said growth factor comprises a cell . 

Claim 29 The method of claim 26, wherein said growth factor is placed in said 

patient by injection. 

Claim 32 The method of claim 29, wherein said injection is intramuscular. 



Claim 33 The method of claim 26, wherein said growth factor is placed in said 

patient by a carrier. 

Claim 35 A method of repairing a dead portion of a preexisting heart comprising 

the steps of placing a living stem cell harvested from bone marrow at a 
selected area of a human patient and forming a new artery thereby 
causing said dead portion of said heart to be repaired. 

Claim 36 The method of claim 35, wherein said living stem cell is placed in said 

patient by injection. 

Claim 37 The method of claim 35, wherein said living stem cell is locally placed 

in said patient. 

Claim 38 A method of repairing a damaged portion of a preexisting heart 

comprising the steps of placing a living stem cell harvested from bone 
marrow at a selected area of a human patient and forming a new artery 
thereby causing said damaged portion of said heart to be repaired. 

Claim 39 The method of claim 38, wherein said living stem cell is placed in said 

patient by injection. 

Claim 40 The method of claim 38, wherein said living stem cell is locally placed 

in said patient. 

Claim 41 The method of claim 7, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said dead portion of said heart. 

Claim 42 The method of claim 21, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said damaged portion of said heart. 



Claim 43 The method of claim 41 , wherein said cell comprises a stem cell. 

Claim 44 The method of claim 43, wherein said stem cell is injected into said 

heart. 

Claim 45 The method of claim 42, wherein said cell comprises a stem cell. 

Claim 46 The method of claim 45, wherein said stem cell is injected into said 

heart. 

Claim 53 The method of claim 7 further comprising calculating blood flow 

through said newly formed artery. 
Claim 54 The method of claim 7 further comprising observing said newly 

formed artery. 

Claim 55 The method of claim 21 further comprising calculating blood flow 

through said newly formed artery. 
Claim 56 The method of claim 21 further comprising observing said newly 

formed artery. 

Claim 57 The method of claim 35, wherein said bone marrow stem cells are 

harvested from the patient and are placed into the heart of the patient 
by injecting said stem cells at a site adjacent said dead portion. 

Claim 58 The method of claim 38, wherein said bone marrow stem cells are 

harvested from the patient and are placed into the heart of the patient 
by injecting said stem cells at a site adjacent said damaged portion. 



EXHIBIT P 

Claims in co-pending application Serial No. 0 9/836,750 



CLAIMS 



Claim 236 



Claim 238 



Claim 239 



Claim 244 
Claim 247 

Claim 250 
Claim 251 



A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intramuscular. 
The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 



Claim 253 The method of claim 236, wherein said growth factor comprises a gene 
and a cell. 

Claim 257 The method of claim 236, wherein said growth factor is locally placed 
in said body. 



Claim 258 The method of claim 238, wherein said growth factor is locally placed 
in said body. 

Claim 259 The method of claim 239, wherein said growth factor is locally placed 
in said body. 

Claim 260 The method of claim 244, wherein said growth factor is locally placed 
in said body. 

Claim 261 The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

Claim 262 The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

Claim 263 The method of claim 239, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 

Claim 271 The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 

Claim 280 The method of claim 236 further comprising calculating blood flow 
through said newly grown artery. 



Claim 281 



Claim 282 



Claim 283 



Claim 284 



Claim 285 



Claim 288 



Claim 289 



Claim 290 



The method of claim 238 further comprising calculating blood flow 
through said newly grown artery. 

The method of claim 239 further comprising calculating blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 

The method of claim 261, wherein said stem cells are harvested from 
bone marrow of said patient and are placed into the heart of the patient 
by injection. 

The method of claim 268, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said dead portion. 

The method of claim 269, wherein said stem cells are harvested from 
the patient and are placed into the heart of the patient by injecting said 
stem cells at a site adjacent said damaged portion. 



EXHIBIT E 

Claims in co-pending application Serial No. 09/064,000 



CLAIMS 

Claim 403 A method for growing and integrating tissue consisting 

of desired soft tissue at a selected site in a body of a 
human patient wherein said desired soft tissue comprises 
a desired artery comprising the steps of: 

(a) locally injecting stem cells into said body at said 
selected site; 

(b) forming a bud at said selected site; and 

(c) growing said desired artery from said bud wherein 
said artery integrates itself into said body of said 
human patient at said selected site. 

Claim 404 The method of claim 403, wherein said selected site 

comprises a damaged site in a leg of said patient and said 
stem cells are injected intramuscularly. 

Claim 405 The method of claim 403, wherein said selected site 

comprises a damaged site in a heart of said patient and 
said stem cells are injected intramuscularly. 

Claim 407 The method of claim 403, wherein said stem cell 

comprises a living stem cell harvested from bone 
marrow. 



The method of claim 407, wherein said bone marrow is 
from said patient. 

The method of claim 403, wherein said stem cell 
comprises a living stem cell harvested from blood. 
The method of claim 409, wherein said blood is from 
said patient. 

The method of claim 403 further comprising determining 
blood flow through said desired artery. 
The method of claim 403 further comprising observing 
said desired artery. 



EXHIBIT F 

Claims in co-pending application Serial No. 11/891,456 



Claim 6 



Claim 7 



CLAIMS 

A method for producing and integrating tissue consisting of a desired soft 
tissue at a selected site in a body of a human patient comprising: 

(a) placing cells in said body of said human patient; 

(b) forming a bud at said selected site in said body of said human patient; 
and 

(c) growing said desired soft tissue which integrates itself into said body of 
said human patient from said bud. 

The method of claim 6, wherein said cells are multifactorial and non-specific. 



Claim 8 



The method of claim 7, wherein said cells comprise stem cells. 



Claim 9 
Claim 10 



The method of claim 6 further comprising forming a new artery. 
The method of claim 7 further comprising forming a new artery. 



Claim 1 1 
Claim 12 



The method of claim 6, wherein said soft tissue comprises mesodermal tissue. 



The method of claim 6, wherein said soft tissue comprises an artery. 



Claim 13 
Claim 14 



The method of claim 6, wherein said cells comprise stem cells. 

The method of claim 13, wherein said soft tissue comprises an artery. 



Claim 15 



The method of claim 6, wherein said cells comprise pluripotent cells. 



Claim 16 
Claim 17 
Claim 18 

Claim 19 
Claim 20 
Claim 21 
Claim 22 
Claim 23 
Claim 24 

Claim 25 
Claim 26 

Claim 31 



The method of claim 15, wherein said soft tissue comprises an artery. 

The method of claim 15, wherein said cells comprise stem cells. 

The method of claim 17, wherein said stem cells are multifactorial and non- 
specific. 

The method of claim 6, wherein said cells are injected into said body. 

The method of claim 6, wherein said cells are locally placed into said body. 

The method of claim 20, wherein said cells comprise stem cells. 

The method of claim 20, wherein said cells are injected intramuscularly. 

The method of claim 21, wherein said stem cells are injected intramuscularly. 

The method of claim 12 further comprising determining blood flow through 
said new artery. 

The method of claim 12 further comprising observing said new artery. 

The method of claim 23, wherein said selected site comprises a leg of said 

patient. 

A method for growing and integrating tissue consisting of desired soft tissue at 
a selected site in a body of a human patient wherein said desired soft tissue 
comprises a desired artery comprising the steps of: 

(a) locally injecting stem cells jnto said body at said selected site; 

(b) forming a bud at said selected site; and 

(c) growing said desired artery from said bud wherein said artery integrates 
itself into said body of said human patient at said selected site. 



The method of claim 31, wherein said selected site comprises a damaged site in 

a leg of said patient and said stem cells are injected intramuscularly. 

The method of claim 31, wherein said selected site comprises a damaged site in 

a heart of said patient and said stem cells are injected intramuscularly. 

The method of claim 31, wherein said stem cell comprises a living stem cell 

harvested from bone marrow. 

The method of claim 34, wherein said bone marrow is from said patient. 

The method of claim 31, wherein said stem cell comprises a living stem cell 

harvested from blood. 

The method of claim 36, wherein said blood is from said patient. 
The method of claim 31 further comprising determining blood flow through 
said desired artery. 

The method of claim 31 further comprising observing said desired artery. 



EXHIBIT C 

American Heart Association's Circulation Research publication 
entitled "Tubes, Branches, and Pillars. The Many Ways of Forming a 
New Vasculature" by Hellmut G. Augustin 



Appl. Serial No. 10/179,589 
Response February 24, 2010 
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The angiogenic ca^ade is ge^l^ A years ago, vasculogeaesis and angiogencsis were considered 

as ffae primary mechanisms teeing t0 ttef^to^ The origiaal dcfmttioa of vascu (agenesis denotes 

die formation of a prti^ oetwork ^ m cells i In contrast, 

aagiogcuesbr^arifr 

Recent advances in the tttatt itsgulate angiogeae^s and vascular remodelmg have shown that the 
simplistic model pf ^n ii^ad^ ajpg^iate the whole sjKctrum of morphogenic events that 

are tequ^ ^ ctor {V EGF) Bets at an 

early poinlin jibe nie^fci^ a0 criteria to be considered as a master switch 

of the angiogenic cascade. 3^ c^^^ibe nj^pp^ *& well as the ephrins and their 

corresponding Eph re^^ alp so^ These molecules orchestrate a 

number of related; yet ^eti^ such as vessel assembly (network 

formation ana* fbrni and smooth muscle cells], 

and extracellular matrix *MajeS^ acquisition of vessel identity (formation of 

arteries, capiUaries, ami ■wM^^^^M^^^i tfasm^ differentiation of the vascular tree 

(continuous endoth^ fenestrated endothelium) arc not at all understood and the first 

molecules that govern ^bfM^at^^ being uncovered 



Hgtti^^ sprouting angiogenesis to vascular 

directed endothelial cell 
migration, and proliferation (left) were considered as the primary 
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mec 



. . . , - - R^Si'CoiBesjioading in vitro assays have greatlv 
ci^^iiv^ W! ^? mecha »^ of angiogcuesis Todav. the 
SlK^ leading to the formation of a mature 

^^M^^M^f^ y ^°^ d ^ Evolve mechaaism, of 
'^S^^^^^^^ aiid formation of anastomoses). vc**l 

Yct f experimental systems to atudv 

pes^e steps pre laifely tni^ijag. 




^^^ifc embryonic aud 

'^^■«^^^i?ffi^ v «?^s The primary formation of blood vessels 

Vaseulogencsis 

'■fK® U ^i^W^ ^ * v^ular ii^oi* from precursor cells 
4*^? b ^^ v^logeoesis results from the in situ 

*Sg#um&M t^m^m m^0imc cells to form a capillary plexus In 

different and is rnediaied 
f |y mental rceraiii^ from precursor cell 

<??s^^^ Jhe secondary level of vascular 

(9?^?fW^-*e^fe fhe aogiogenic formation of blood vessels, 
^^^f^^^fe^ ft&atioji of vessels and vascular networks from 
;P^^ compartment) This can occur 

S of anastomoses 

^^^^^^^-'^^^o^Bm. of aonsproutiiig angiogcuesis (top lel^) 

niechanisnis of intesusceprivc 
f^^^^g^^ inserting a tissue pillar or by 

long^ui^J^^ Sprouting angiogencsis and 

m<mcrbasitig'-c<mip1exity of a growing 
ttei^wrk assembles and matures, eventually 
aUc^g ; ^ ftq^. Cellular and biomcchanical factors appear 

to '.^'^ 1 ^*" *^j^:v^.|^ar.idetitifsr (ic, arteries, capillaries, and 
■^.yefa^j^IBw^g^; thesis', also develop mental bio logical evidence indicating 

may occur before the formation of 

::f^W^ regulate the organorvpie 

'^^^^MA v^tee^-tfa-.v^ continuous, discontinuous, and 
fenestrated endotljelia. In contrast to the formation and maturation of new 
*1<m^ ve^^ angiogenic mechanisms, vascular 

tetnMel^ of an existing mature 

va^ul^ after sudden ischemia) or as a 

r^s*^^ athews^lerotic changes of vessel wall or in 

■^^^^^SIS^^^ ^i^^hianicaJ forces). The term "artcrio genes is 
yfr&k. k^S^n^to describe die fbrxnatiorj of collaterals from a preexisting 

as it occurs after cardiac ischemia 
induced hindlunb ischemia This 
process describes m should not 

be coiif^sed with the identity that is 

capillaries, and veins. Likewise, 
yea^t coop^^ remodeling phenomenon originating 

;|^i; ; ecS|V8^akfe that may contribute to tumor vascularization. 



The function ^tn^ ^ mice ablatblg or aV ercxpressmg 

dividual n^ is missing, whicb is 

primarily due to & ^ ^i^^ Mosl in 
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either not quantitative of the* W^s^eied wi^S^S^IS^? * «■*«"**«»; Likewise. most in vivo assays are 
agonal M *«-*> three- 

unportantly, when itiomfc cardiac ischemia models. Most 

^-^sional technics such „ 
techniques are***! u^lSSSl^ two-dimensional hi S «o!««,ca« 

^^sra^ — - 

vascular „et*o* S by a^^^^^ir 861 8 consequence, IMG can in ^ 

JZ^^^ «* changes of the eodometna. 

^SBf ftM#^^^.*^a*^'*ll coUeagWi.14 have shed further light into the 
.JjB^^ isolated mo Bse ovarian pedic. 7Je I * „*v So 

22 33*??^ of tumors grafted onto the ovan^iS L ^ 

model. «*oy^v^ cd of a pediek th a , k 

^nm^tal^r^atis a»d . single collecting vein Satan el al h^vH ed ^ 
^SKSS^^ --an vei. aad .Hery feeding in* the gra^Hon 

BS W * U 1,8 ^ to ff 1 ?***?^^ growing urtbe .sotated pedicle.M A zone ofsevcn f 

mutoeter.was.o.alyzcdmb^ 

thousands of 2-jm senal secaons, Computer-aided image analysis was then applied to three dimensional* reconstruct the 
T !^?* mmmmmrm m can lead * complex vascular neZ^p Lv 

<^^^ approaoJ demonstrates how in Zs^e 

vascular folds organs to ^^ ^pp^^.^^^^ ti?sue segmentation and iatussuseeptrvc 

anastomoses. r 



As w,th any uitngmngi study, the e*ewu^ For example what arc the 

dnvmg forces behmd IM fe ^ 

^^t^'^pi^^.}>^^^m6i^^ tovotved in reguIaUag IMG. The surgical manipulate a, the 
ovanan pedicle p^k^.^^^^^i^^g^ chaagesin bemodvaamic forces that mav be involved 

in rem<)delm S thfrpre^stin^o^ ^ tewed to act as critical regulators of 

ooHateialfbrmatmn ^^wtn^ tWs ^ nisc$ ^ of a Z0Da , 

^'y«*of th**^^ in the^eater or in the periphery of the 

analyzcd^aaulati^;^ ^ 

context of rumor aagipgo^sisi MiGrov^ inlratuxnorat nvfcrovcssel densities Ye, the 

tumor penphery marks the uiya S iye1«meof a tuitor and gr^s rise to metastatic cell dissemination. Thus, the equilibrium 
between tumor aogiogeaens snf n^^ibg. ofch* j^m^^u^ m - die tumor periphery (vessel cooption)^ may be 
http7/circres.ahajouffials.o^ y t 



(and the other »<^«**« of particularly to tuoior v 8S cularuation" 

lIZTSil^ ,tega«t. y ct cumbersome cperimon.1. 

'*P^ ^ angiogenesi* as a dyaamic three 

tumor a.g.ogeocK.s 

beyond tbec^gof^croy^ d^itfe^ «^ |e^^ig At tlle ^ ^ QOvd „ (e factors ^ a 
uarrow cell and organ selectivity we being idSntifi^ ;^ kdicas and modifiers of die angiogenic cascade.** Collectively 
these observes innate that the togtogemc feob being understood. Yet, a thorough understating of .he 

mechamsms of vascular mgtphof^^m^Btcq^ for the ranonal translation of this knowledge into cluneal 

application. 

Footnotes 

^ opinions expre^ei or of(he African Heart Association 
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Key Word*: ang.ogeae*,* . vaiwalogeoe*** mfnssusccpMon • iatussaacepttve microvascular growth 

The aagiogeak cascade Is getting increasingly cOmpiex. A few years ago, *«6Uiogen«« „ d w, f , , <ws ^ ere , 

« pmuary meahteisms l*.d,a g to .he fomurttea of ^bloodvessels. The ongtaal definition of^acafoaeae** dea^' 
the formtmoa ol * primary ethbryom*. vucai* networ* from in. situ differentiating tegioblastic ceils t Io coatmi 
rmgiOKcncsispninnnly referred to tlie sprouting -of Wood vessels from preexisting vesscls.i 

Recent advances m the ideaiifi^ioa of molecules (bit regulate tagiogewssis ted vascular tanodelm* have .how,, th-u 
sanpbsuc model of a.o urodiitg capillary sprout is not ^aflickail m appreciate ,he whole spectmrn of nmrphoaeuic c-ots I 
aw rv «» u,refi to fonn " ^vwcu.jar nc^vork (F| & u ffi ~5 ^^btedly. vnscular «,d«t*cl« 8l «row th tmor ( v«<;n «c.> at , n 
early pomt in the h.crar^lhcal order of morpliogeivie eveut,.- a «d probably fljffills »U criteria to be eo«*Mcr«< ^ , '.„ a< .«. r ". WI L,. 

^"ng^'^casoade.Iii contws^be arigiopoictias an d their receptor Tie-2 as well as the ep hrui« .ihJ their 
correspond.ng.bpl. receptors apjiear to «ot »t a sonieuiiat: later stage of aeovasscl formation. These molecule* « rc h^„ c , 
r - ltuubci oi rc,a,ed « y«' ^^*<»^»y Wd.moIecW.rly-iHvi well understood, prdcosscs such as vessel .memblv (artwork 
IbrmmioB and ioraialion of a.nastdmoscs), vessel mataratioa -(rwruitment of moral ee|j s (perievtes and smooth ,nu<wk- ce-IU j 
.od ex-trBC-.elli.lar n«tnx w«fflbly, prooutg ot>tac primary 'vascular bed), *ad- acqaisitioo of vessel identity (formation of 
•irtenes. eap.lkr.es, aad veia^-4 (FiMffi..!). I.«>ly, the atecbaitisms oforganolypie dirTereatiatioo of the vascular trv- 
(coBiianous er.doilie«U(». dis.cctotio.aoas endothelium, feacstrtied eadotheUmn) am not at all understood and tbe first 
tnokcotss that govern snbpopu I atioo- specific v-ascHlargrtmlli and differential ion are josr beiity uncovered 



figare 1. Cbange of paradigm. From sprouting wigiogcaesis 10 vascular 
r»prphogeticsts. Basement membrane degradation, direcled endothelial cell 
migratietl, and proliferation (left) were considered as the pruaarv 
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larger versimi ('60K;); 

1m ; Lii^.x>i^UiikiH J 



i^tamsnsof angiagenesis. Com^nding i„ vitro mm*** iW3I k, 
helped .to uncover motecofc* and mechanics of an.io'i,? • , ^ ,1 - 

3 CS,t>i ^.^^ fading to o f"n^ 

vascu ar-neswo^is increasingly recognized, them: involve .m*™,' ! ' 

HmtwraiKw^engfte roonutaHmt. extracellular matrix assembly ™ m o* 
neov^maturfe), acjuLsitiott of vessel identity (arteries. caS^'S 

^totb*.,^^ emlothefia). Yet, externa! o « 

these steps »re largely missing. •' *" B ' , S1U ! 




View larger temon (143K): 



Z H^«e»l order of oio^bgeiUe cv«ns duriaa embrv W ic ,„ d 
. «** growth ^bloodvessel*. Tae.pruuary formation of blood vcs'^K 

refers to flje fiMJiwtton of a vascular network f mm preeursorceiK ~ 
-(angic»blasts), timbryoaie vasculogenesis results from (he hi >itu' 
coak, S ccn^of m c. W dermal attgioblastic cells to Conn a capillar, p U . vl . s , n 

ZTTT vascui ^ cncsis » s ««h«»i*ic«l* diflercmLd « f ed a « 
> «>e dwtalwcrmaaent of anftoblastifc cells fmm preetirwceU 
compartments (bone narrow). The secondary level of vaasu'a- 
nrierpbogencsis .describes the angiogenic fcn«*tfo« of blood wsefr 
AugiegAHH^ refer* to the fonnatU* of vessels and vascular network from 
preexisting vascular strtocmres (top, outer compartowaO. Has c* 0 occur 
tfeougb classKflJ spromHigangiogeaesfo with formation of aflastorao** 
Oop Rgbt^r through nieshapisrm ofnonsproetmg aagiogenesis («.op"Wft) 
Npspsmimg autogenesis oeeurs tBmdg% mecSaniaas of kto^nm- 
Bitctrodar gtxnvth (IMG) fooally mserting a Usabc pfUar or by * 
loqg.md.utal fold-like splitog of , vessel. Sprout J^uei , n d 
Mtesmcepaon contrikute-io an rocrtsasing .complexity of a'ewminii 
vascular netw'oA. The network assembles" and wahwa, cv CU ti,,ilv ' 
altewujgducwtonal blood flow. Cellular mid blomeehanie.l factors appear 
to be involved in shaping vascular identity <ic. arteries, capillaries and 
veins,), although there is also developmental biological evjdenec ..idieatioa 
(hat artenwestous late determination mav occur before tbe fennal-on e« 
ancnes arid veins. Lastly, aiicrocnvirotunen.tal cues (extracellular ual~x 
cehxontam, and orgaa-setectivc growth factors) regulate the orwnoivpic 
dift*en ttation of a acovasculox tree with continuous, discontinue-it*, aad 
teuestrated endotbeba. Tu contrast to the formation and maturabou of B e>v 
blood x.essels tbrougl, vasogenic and angiogenic mechanism*, vaaeular 
rcraodelusg deanbes th^adaptational morganization of m esmi nB .^ PlfC 
vasculature, .rius.inay oeeur acutely (eg, after sudden ischemia) eras a ' 
response to ckronie stimuli (eg, atberosclcrolie obaages of vessel wall or in 
response to -faypeneffirivc biomeehaateal forbes). The tertn "aneriocenc^" 
has beep corned to describe the fonuatkw of collaterals from . preexK-tim* 
eapilbn* aenvo* after sudden ischemia as it occurs after cardiac ischemia 
or expenmefttally during surgicaiJy induced hindlimb isobemia ( his 
process describes an adaptatiouai reutodeiing phenomenon and slmuSd mA 
be coal used with the developmen tal acauisi iiou of vessel identity thai i< 
associated with the formation- of arteries, capillaries, and veins. Likewise, 
vessel MoptipnU describes a vascular reraode'liag phBMotnenon oriKmatifn 
from ac-existtng vitseulature that may contribute to tumor vaset)!ar«at;oo. " 

Ilie fufttction of^ese tooleiulcs has ^ety^etoci^-taroagli-gen^c cxperimeata m once abinrtog ^ox^pre*-^ 
rndtveual aioleeeks. Yet, a detailed aaderstmdtog ©f , thefr twfeeotar a»d fOPetioual mode of actiou is lui^smg ubich ~" 
prbianly due to the lack of appropriate fat vivo and in vitro models in which to ftmctionaUv swdv tbeae tnn'.ccuic^ Mom .„ 
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viij-o essays have ^ry,^dmtmms. ^adouK «uch *« i * 

have proven m *. « rly d% , of ^^^^t" 01 "^' - rh** „ w , 

dtmcstOMt «ptfi6l«toporftf arxicr oClhgiagenm processes i„ « ! ' . " of the dyanoifc 

techniqiicc am wicMy used to m ^ 9 ,. mei ^ m ^ hia , ya , ' two-*w*o*».l tatt*lo«< a | 

ffiOfptegcw evtfafe dynamically ©vet tfcnc. ' : *"«*neally rcf5sXI whole spmn.m of 

!t pnraartly a consequence af the limited availabiKtv «f , » - 

nucrovasc.br growth (IMG) describes the formation of a «.«•.,!«• n ... ," < PP ' X '" a(ca - '""^usccptton or inMi«»weptive 
wafer networks by a noaspmmiag angiogc^fc mccbis»s«,,< 5 *™"*W<.. !M ° a * su!! »> 

U.C eoacept of vascular netw^ formation through IMG is asw Oriomkiiv , 

vark oo IMG w S$ p.orteeral j„ the Uic m0 , m | enHv ^J^.' " n ^ ,Hall > «*«~nhed more than SOycw, ago. ^alvt.cai 
**lv .shown a,,, ,; MG is an kl3p ,, rt3ill a «„ ? * aaSk! ™ 81 ^ 8«m.2.!P. n,, wlv VVOfk 

vasculature ta the acitiit IS * 08 ci! a;> dun "S ibtl C >«I« -hanges of tl;c endometrial 

, he ovarian va^urar supply is sU r 8 ( a n>. 1U8 ^ 

mcde , cbaraccme Ac iu.« S ,,, S ccptivc mOrphogcnic reH.odolin, of ovarian ^.^"rt J. r ! 

nraHH^-ters was «na^«! to .bo* n t<a del S through a carrfullv perfomH Lit " ( , ' , * . 1 ^ °' ^' Craf 

^uf 8r nct^orK. Th, rc S ul, S of both Ktudfe 

HKlcpcadent 0 f sprm.t^g angiog^is. Futoorc. the authors' hi g h- re XLrl n LT nCWOrks W '«P ! ^«*V 

A$ M ' ,tt, p any ^^^.^ tte: «NW 9 by l :' 8I a It: ct al r 81 sc «u U)er ous additional quc^on. Po- S ■ , 

:.«mtro!bj»g Likevvnsc, biaraecJianicrf rfonses mav be involved m nieuuLo wr- r, 

,« remodeling the pfceN^tng ovari ao vci» « mbcb « s Hcm^ynamic .forces arc believed "'6 ac. ..'^ 

couateral fonnation f^wi.g cardiac i,chci»ia (artcriogcuic v^tar Wm «dc^ , " ^ T ^ 

80Bi ^ i^^ind tumors?^ Zo,,ai analy^of x^cuJar morpftoarni- nro ^.l P P f ^ ' ! 

!U,n(,f p0nphcry m:irks ,hc ,Mvas,ve of ..BttMwaad eK-cs n Se ro nie(astat i c ccli cHs.cn.i Jul' ? 1 * 
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'! * »«*^^^ 4ft v^lar&erpho^^i, process davea by . number of differ dc^i™. 

! " K!CrS!ffl,dm8 01 ^T'ST - " monogenic cv* ate (a ? opposed » tymplamgiogomc process), future work m 
uadwsaraU c*,ple*ny *« .-.nRiogauo cascade, n* wi5i am u »et«a« (he imp!***,,^ oY l^.ed ' 
,iWS ' V f n Mfc^**** tte wscufcturfrof human tumpr*. The clegnn,. .vet c,^ expcnmcmal 

approach by Pa!** «. tfUJ* Ccartv ^ec, oar touted ability to ^gio^ as . 

Smnswl proofs. The mpbmmiM<m «f aosJyHaai ^Ktematfcally hunsnn mmor a n~»e- 

beyond the comung of «,icrpv esse i density j„* * j« b^ ftiog .X2 a. fee staafi tiro* aovel a^oservic facto™ w,,'^ 
narrow «tt and org«m selectivity arc being identified as kducm and modifiers of the aBg) o«m,c ca««dc « C^JH^h 
these observations unteate ttai the «gjoge„, t c««de & far &or« feeing mdcrscood. Yet. « ihonn.ah untor^n, «r tK- 
mecbMittu of vwcuto morphogenesis will fee * rccj „i s fe for the ratiowt traastitioo of tbis koowfcrfim mio ci«n«i ' 
application. ^ * s 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO. : 09/064,000 

FILED: April 21, 1998 

FOR: METHOD AND APPARATUS 
FOR INSTALLATION OF 
DENTAL IMPLANT 



EXAMINER: Nicholas D. Lucchesi 



GROUP ART UNIT: 3732 



DF.fll , AR ATION OF C. GENE WHEELER. M.D.. F.A.C.S. 



I, C. Gene Wheeler, declare as follows: 

1 . I reside at 6342 E. Hillcrest Boulevard, Scottsdale, Arizona 8525 1 . 

2. My Curriculum Vitae is attached hereto as Exhibit A. 

3. I have read and understood the disclosures at column 1 4, lines 4-61 and 
column 21, lines 1-26 of United States Patent Number 5,397,235 
(hereinafter " '235 patent") entitled "Method for Installation of Dental 
Implant," and granted to James P. Elia on March 14, 1995. A copy of 
such disclosures is attached hereto as Exhibit D. I understand that the 
same disclosures are contained in above patent application Serial No. 
09/064,000. 



I note that the disclosures mentioned in above Paragraph 3 relate to a 
method for forming a bud and then for forming soft tissue. Such methods 
involve placing a growth factor at a desired site of a body with use of 
techniques including resorbable and non-resorbable carriers, gels, time- 



1 



release capsules, and granules. In addition, the growth factor may be 
placed in the body orally, systemically, by injection, through the 
respiratory tract, by making an incision in the body and then inserting the 
growth factor. 1 note further that the growth factor and/or carrier may be 
activated by tissue pH, enzymes, ultrasound, electricity, heat, or in vivo 
chemicals. 

5. it is well known and established in the medical arts that buds are a 
primordium or, in other words, a rudiment or commencement of an organ. 
The process of organ formation includes the differential development of 
cells to form an organ primordium with the resulting formation of soft 
tissue. Such process of development is called organogenesis. It is also 
well known and established in the medical arts that the term "soft tissue" 
includes blood vessels. 

In making the above statement in this Paragraph, I am aware of the 
definitions attached hereto as Exhibit B. Terms included in the above- 
mentioned definitions are: bud, primordium; organogenesis, and organ. I 
am also aware of and have considered the definition of "growth factor" as 
contained in Column 14 of the aforesaid '235 patent. 

6. The materials included in attached Exhibit C evidence that the placement 
of growth factors in the body of a human results in the formation of a bud 
with subsequent growth into soft tissue. These materials report work 
performed by reputable, skilled scientists and reputable organizations in 
the medical arts. Consequently, I believe that these reports would be 
recognized as clearly valid by one of ordinary skill in the medical arts 
because they report the results of scientific tests conducted by competent, 
disinterested third parties with use of proper scientific controls. 
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7. Based upon the materials included in above Paragraphs 4, 5, and 6, it is 

my opinion that the process of placing a growth factor at a desired site of a 
human body will produce a bud that will predictably subsequently grow 
into soft tissue, as described in the '235 patent, using the techniques 
identified in above Paragraph 4. My further opinion is that when the 
techniques and angiogenic growth factors described and disclosed in the 
Elia patent application are used to place such growth factors in a human 
host, such placement would result in the formation of soft tissue, e.g., 
blood vessels. My opinion is in accord with the results obtained by the 
Isner patent (Exhibit C-6) which employed the same angiogenic growth 
factors and carrier/technique described and disclosed in the Elia patent 
application. 

8. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 



Further Declarant sayeth not. 



Date: ^/^Z/^2L-- 
c\mydocuments\cli?6ts\eua\wheelerdeclaiwtion.doc 
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6342 E. Hilkrest Blvd. 
Scottsdale. Arizona 85251 
Home Phone: (480) 941-8345 



Clarence Gene Wheeler 
Born: 

Education: 



Academic: 



Boards: 

1 1 as p i tal A till i at i ons : 



( )r<>anizations: 



( )ther Interests: 
Community Inleresls: 



CI^ICIjLLM YIT AE 



May 23, 1930 
U.S. Citizen 

Bachelor of Science, Wheaton College, Wheatoa Illinois. Augusi 

1951 with highest honors * 

Baylor University College of Medicine. May 195\ M.D. with 

highest honors 

Surgical Internship: Massachusetts General Ilo^pital.Boston. 

Massachusetts 1 955- 1 956 
Surgical Residency: Massachusetts General Hospital. Boston. 

Massachusetts 1 956- 1 962 
Cardiovascular Fellowship: Methodist Hospital. Houston. Texas: 

Dr. DeBakey and Dr. Coolev, September 

I960- June 1 96 J 

Prior: Clinical Associate Professor of Surgeiy, Southwestern 
Medical School Dallas. Texas 
Clinical Associate Professor of Surgeiy ? i University of 
Arizona College of Medicine, Phoeiiix Campus 

American Board of Surgeiy 1963 

Amending Surgeon, Baylor University Medical Center, Dallas. 

Texas!" 1962 to June 1 990 (resigned) 
Chief. Vascular Surgery, Carl T. Havden VA Medical Center. 
Phoenix. Arizona 1 990 - 1 999 

American College of Surgeons 1966 

The Cooley Cardiovascular Society 

The DeBakey Cardiovascular Society 

The International Cardiovascular Society 

Texas Surgical Society 

Phoenix Vascular Group - Co-founder 199 J 

Fishing, Skiing.Tennis, Security and Real Estate Investment. 
Missionary Surgeiy (Mexico. Central America. India) 

The Episcopal Foundation, Terrell Branch, Terrell. Texas 
Gideon International. Central Phoenix Branch, Phooiiix, Arizona 
Former Member, Vestry Board of the Good Shepherd Episcopal 

Church. Terrell. Texas 
Former Member Vestry of St. Matthew's Cathedral. Dallas, Texas 
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Community Interests 
Continued: 

Former Member, Deacon Board of the First Baptist Church, Dallas, 
Texas 

Former Trustee of Dallas Theological Seminary. Dallas. Texas 
Former member, Vestry Board Christ Church of Ascension - 
Episcopal, Paradise Valley, Arizona 

Teachi.no Assignments: Director of Vascular II. Surgical Service, Baylor University Medical j 
'* ' ~ Center. Did! as, Texas 1 970- 1 985 

Director of Vascular Training Fellowship. Baylor University 
Medical School, 1968-1985^ 

Founder of Visiting Vascular Lectureship, Baylor University 
Medical Center, Dallas, Texas 1978 

Faculty Member, Phoenix Integrated Surgical Residency Program. 
1990 

Co-Director, Founder - National PACT Training Program. 1995 

Administrative Experience: Senior Partner and Manager, Surgical Associates of Dallas. Dallas, 

Texas, 1970-1985 - Surgical Practice and Financial 
Management Affairs 

Member of Texas Medical Foundation Regional Quality Assurance 
Committee, Dallas, Texas, 1988-1989 

Member, Infection Control Committee 

Member. Quality Assui-an.ee Committee 

Member, ICU-CCU Committee 

Member, Hospital By-Laws Committee 

Member, Pharmacy and Therapeutics Committee 

Member Institutional Review Board, Carl T. Has den VAMC 

Investigations in Progress: Chief Investigator: CO. Wheeler, M.D. 

1. Safe Carotid Endarterectomy - Ongoing Quality Care Series. 
1990 

2 Below Knee FIFE Reconstruction with AV 1 istula in Diabetic 
Patients - IMPRA, Inc.. 1993 

3. Operation Desert Foot - Amputation Prevention Program, and 
Statistical Analysis, 1991 to present 

4. TOPAZ Trial (Thrombolysis in Acute Arterial Occlusion) - Abbott 
Laboratories. 1993 

5. PURPOSE Trial. Abbott Laboratories, 1997 



Presiding Officer, Phoenix Vascular Group. Vascular lectureship, 
March 1991 

Phoenix Integrated Surgical Residency Faculty lectures: 
Acute Arterial Occlusion, 1 99 1 
Safe Carotid Endarterectomy, 1 993 
Surgical Considerations in Diabetic Ischemia, 1994 

Texas Surgical Society: 

Early Experiences in Distal Bypass Sur^eiy tor Patients w 
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buclizine hydrochloride 



182 



.nxirty accompanying psychosomatic disorders: should not be 
used for nausea of pregnancy. 

,he con.inued ramiHcion of the embry 

onic bronchia! tree. 

£'cy'b ."onec-fa number of nodules formed along .he course 
o 7e subcutaneous lympha.ics in cases of glanders. 

eustatoryb., ctliculus gusiatonus. 

^er b he primordial cellular ou.grow.h from foregu, 
entoderm of the embryo that gives rise to the parenchyma of the 

k in the embryo, one of the two lateral outgrowths from 

, W«.ori Podium that ultimately forms the epithelial 

P lunephr h ic bTureteric b, the primordial cellular outgrowth 
f rom "e metric due, that gives nse to the epithelial hn.ng o 
^ureter, pelvis and calyces of the kidney, and the straight 
collecting tubules, 
syncytial b., syncytial knot. 

tail b., end b.; the rapidly proliferating mass or cells at the caudal 
extremity of the embryo, 
taste b„ csHculus gustatonus. 

tooth b.. the primordial structures from which a tooth ts formed. 
,he enamel organ, dental papilla, and the denial sac enclosing them, 
ureteric b. v metanephric b. 

vascular b., an endothelial sprout arising from a blood vessel. 
Budd, George. London physician. 1808-1882. See B.*s cirrhosis, 

jaundice, syndrome. 
Budde (bood'deh). E., Danish sanitary engineer. • 1871. See B. 

process. 

buddeize (bood'de-ize). To treat by the Budde process, 
budding. Gemmation. 

Budge (bood'ga), Julius U German physiologist, 1811-1888. See 
B.'s center. 

Budin (bu-dan'). Pierre C. French gynecologist. 1846-1907. See 

B 's obstetrical joint. B.'s pelvimeter. 
Buerger, Leo. New York physician, 1879-1943. See B.'s disease, 

Winiwarter-B. disease, B.'s stain. 
bufa- bufo-. Combining forms that denote origin from toads. 
They are used in the systematic and trivial names of a great number 
of toxic substances (genins) isolated from plants | and ammaU 
containing the bufanolide structure (see bufanolide). Prefixes 
denoting Species origin are often attached, e.g. mannobufagtn. 
marinobufotoxin. 
bufagenins. Bufagins. 
bufagins. Bufagenms; a groupofs,^ 
venom of a family of toads, the Bufomdae. having a digitaJis-hke 
IctTupon the heart {eg., bufoialin); ct bufotoxins. For structure 
of bufanolides. see steroids, 
bufalin. A specific type of bufanolide. containing 3^.1 4^ihy. 
droxy-50,14^bufa.2O,22-dienolide. For structure of bufanolide. 
see steroids. 

bufanolide. Fundamental steroid lactone of several squill-toad 
(Bufonidac) venoms or toxins; also found in the form of glycosides 
in Plants (cf. digitalis). The steroid is essentially that of 5£- 
androstane, with a \40-H. The lactoneat C-17 hMruetuimll^ied 
t o -CH(CH j>CH ; CH jCHj radical at tached to C- 1 7 in thecholanes. 
and is in the same configuration as that of cholesterol {i.e.. 2O/0; 
in some species, b. is formed from cholesterol. v «n°" s b - 
derivatives having unsaturation in the lactone ring (20.22J or 
elsewhere (4) are known as bufenolides (one double bond), 
bufadienolides (e.g.. bufalin. telecinobufagin, mannobufagm. 
bufogenin B, bufotalin, bufotoxin). bufatrienolides (e.g.. sctllare- 
nin). etc They have varying numbers of hydroxyl groups at 
positions 3. 5. 14, and 16. and these may be further substituted 
(e.g.* bufatalin, bufotoxin. gitoxigenin). For structure, see steroids, 
buffer I A mixture of an acid and its conjugate base (salt), such 
as H,CO,/HCOr; HjPCV/H.PCV. which when present in a 
solution reduces any changes in pH that would otherwise occur in 
the solution when acid or alkali is added to it. Thus the pH of the 
blood and body fluids is maintained virtually constant (pH 7.45) 



bulb 

although acid metabolites are continually being formed in the 
tissues and CO^HjCO,) is lost in the lungs. See also conjugate 
acid-base pair, under conjugate. 2. To add a b. to a solution and 
thus give it the property of resisting a change in pH when it receives 
a limited amount of acid or alkali. 

b. capacity, the amount of hydrogen ion (or hydroxyl ton) 
required to bring about a specific pH change in a specified volume 
of a b. (see b. value). 

b. pair, an acid and its conjugate base (anion). 

secondary b„ see Hamburger's law. 

b. value, the power of a substance in solution to absorb acid or 
alkali without change in pH; this is highest at a pH equal to the 
pK of the acid of the b. pair (see b. capacity), 
b. value of the blood, the ability of the blood to compensate 
for acid-alkali fluctuations without disturbance of the pH. 

Buffon (boo'-fon). Compt de (Georges Louis Leclerc). French 
naturalist. 1707-1788. Published Histoire Naturelle. Some of his 
views on evolution and the origin of species anticipated Darwin by 
more ihan a hundred years. 

buffy coat. Crusta inflammaioria; crusta phlogistica; the upper, 
lighter portion of the blood clot (coagulated plasma and white 
blood cells), occurring when coagulation is delayed so that the red 
blood cells have had time to settle a little; the portion of 
centrifuged. anticoagulated blood which contains leukocytes and 
platelets. 

bufo-. See bufa-. x 

bufogenin B. A steroid toxin from Chinese toads; a 3/3,14.16- 
trihydroxy-bufa-20.22-dienolide; cf. bufalin. 

Bufonidae [L. bufo. toad]. A family of toads whose dermal 
glands secrete several kinds of pharmacologically active substances 
having a cardiac action similar to that of digitalis. 

bufotalin. The steroid of a bufotoxin (bufogenin). It is bufogenin 
B acetytaied at the C-16 OH. 

bufoten'ine. Mappine; 3-(2-dimethylaminoethyl)indol-5-ol; 
AWdimethylserotin; a psychotomimetic agent isolated from the 
venom of certain toads. It raises the blood pressure by a 
vasoconstrictor action and produces psychic effects tnclud.ng 
hallucinations. It is also present in several plants and is one of the 
active principles of cohoba. 

bufotox in. Vulgarobufotoxin; a toxic substance in venom of 
Bufa vulgaris, the common European toad; bufotalin estenfied with 
suberylarginine at C*14 OH group. 

bufotox'ins. A group of steroid lactones (conjugates of bufoge- 
nins and suberylarginine at C-14) of digitalis present in the venoms 
of the Bufonidae. Their effects are similar to but weaker than those 
of the bufagins. 

bug'gery [O.F. bougre. heretic]. Bestiality; sodomy. 

Buhl (boo!), Ludwigvon, German pathologist, 1816-1 880. See B.» 
disease. 

Bulst, Robert C. Scottish obstetrician. 1860-1939. See B.'s meth- 
od. 

bulb [L. bulbus. a bulbous root}. I. Any globular or fusiform 
structure. 2. Medulla oblongata. 3. A short, vertical underground 
stem of plants such as scilla and allium. 

aortic b„ bulbus aortae. 

arterial b., bulbus aortae. 

carotid b„ sinus caroticus. 

b. of corpus spongiosum, bulbus penis. 

dental b., the papilla, derived from mesoderm, that forms w 
part of the primordium of a tooth which is situated within »* 
cup-shaped enamel organ. 

duode nal b., duodenal cap. 

end b., one of the oval or rounded bodies in which the sen»u 
nerve fibers terminate in mucous membrane. 

b. of eye, bulbus oculi., 

hairb., bulbus p\X\. 

Ju'gular b., bulbus venae jugularis. 

Krause's end b., corpusculum bulboideum. 

b. of lateral ventricle, a rounded elevation in the dorsa p» 
of the medial wall of the posterior horn of the lateral ventn 
produced by the forceps major. 

olfac'tory b., bulbus olfactorius. 

b. of penis, bulbus penis. 

rachld'fan b., medulla oblongata 



bulb 

Rouget's b., a venous pi' 
taste b„ caJiculus gustatc 
b. of ure'thra, bulbus pc 
b, of vestibule, bulbus v 
bulbar. I - Relating to a bull 
medulla oblongata, 
bulbi'tis. Inflammation of 
bulbocap'nine [G. bolbos. 
An alkaloid from Corydalis 
Fumariaceae). Produces a si 
recommended in the treat mer. 
disease, paralysis agitans, am 
bul'bocaverno'sus. Sec u 
bulboid [G. bolboeides, fr 

resemblance]. Bulb-shaped, 
bulbonu'clear. Relating to 
bulbopon'tine. Denoting t 
pons and the region of the m 
bulbosac'ral. Relating to 
segments of the spinal cord, 
bulbospinal. Relating to th 
particularly to nerve fibers in 
bulbourethral (bul'bo-u-re'i 
bulbus, gen. and pi. bull 
b. aor'tae (NA). aortic bult 
dilation where the truncus arte 
b. cordis, b. aortae. 
b. cornus posterior'is [N/ 
lateral ventricle of the brain; i 
of the posterior horn producet 
of ihe corpus callosum as the 
lobe. 

b. oc uli [NA], bulb of the c 
proper without the appendage 

b. olfacto rius [NA], olfc 
anierior extremity of the olfac 
plate of the ethmoid and rece 



Olfactory 
bulb 



Cribriform 
plate of 
ethmoid 

Olfactory 
mucosa 




Bulbua C 

Diagram of olfactory muct 
y Cajal), showing neuronal rei 
Copenhaver, W. F.: Bailey's 
The Williams & Wilkins Co., 

*>. penis [NA]. bulb of corpi 
*>• urethrae; the expanded poster 
P^'s lying in the interval betw< 

*».pili [NA). hair bulb; the Io\ 
'hat fits like a cap over the pap 
follicle. 

b. ure'thrae, b. penis. 

b. venae jugula'rfs [NA], bi 
d'laied parts of the internal jugu 
al "he beginning of the internal j 
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Main Entry: l bud 
Pronunciation: 'b&d 
Function: noun 

Etymology: Middle English budde 

Date: 14th century . 

1 : a small lateral or terminal protuberance on the stem of a plant that may develop into a flower, leaf, or 

^something not yet mature or at full development: as a : an incompletely opened flower b : omui, 
vouth c : an outgrowth of an organism that differentiates into a new individual : GEMMA ; also : 

PR1MORPIUM 

- in the bud : in an early stage of development in the bud> 
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Main Entry: primor^di-uin 
Pronunciation: ^dE-&m 
Function: noww 

Inflected Form(s): p/wra/primordia /-dE-&/ 
Etymology: New Latin, from Latin 
Date: 1671 

: the rudiment or commencement of a part or organ 
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sing 
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Encyclopedia Britannlca 



organogenesis 



organogenesis, 



in embryology, the series of organized integrated processes that transforms an amorphous 

mass of cells into a complete organ in the developing embryo. The cells of an 

nra a n-formi n g region undergo differential development and movement to form an organ 
nrimordium or ankge. Organogenesis c ontinues until the definitive cnaractensxics ot the 
organ are achievedTconcurrent with this process is histogenesis; the result of both 
processes is a stru cturally and functionally complete organ. The a<^mplishment of 
organogenesis ends the period during which the developing organism is called an embryo 
and begins the period in which the organism is called a fetus. See also histogenesis. 
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Main Entry: organ 
Pronunciation: 'or-g&n 

Function: noun . „ _ , 

Etymology: Middle English, partly from Old English organa, from Latin organum, from Greek organon, 
literally, tool, instrument; partly from Old French organe, from Latin organum; akin to Greek ergon 
work - more at WORK 
Date: before 12th century 

1 a archaic : any of various musical instruments; especially : wind instrument b (1) : a wind 
instrument consisting of sets of pipes made to sound by compressed air and controlled by keyboards and 
producing a variety of musical effects - called also pipe organ (2) : REED ORGAN (3) : an instrument in 
which the sound and resources of the pipe organ are approximated by means of electronic devices (4) : 
any of various similar cruder instruments 

2 a • a differentiated structure (as a heart, kidney, leaf, or stem) consisting of cells and tissues and 
performing some specific function in an organism b : bodily parts performing a function or cooperating in 

an activity organj> . 

3 : a subordinatft group or organization that performs specialized functions organ* of government 

4 : PERIODICAL 
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EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 












C-l 


Science Daily (American 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 


Heart Association), 1998, 
"Study is first ever to 
document protein therapy 
induces creation of new 
blood vessels to the human 
heart" 

SYNOPSIS: For the first 


time ever, growth factor 
inserted into the body 
grows a new vascular 
system. 


C-2 


Circulation, 1998, 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 


"Induction of 
neoangiogenesis in 
ischaemic myocardium by 
human growth factors: first 
clinical results of a new 
treatment of coronary heart 
disease" 

SYNOPSIS: Anew 


therapeutic concept and 
followup tests confirm a 
true de novo vascular 
system was formed . 
Vascular buds consisting of 
endothelial sprouts 
(capillaries) were created. 
I ne capillaries grew iuruicr 
and differentiated into two- 
layered metarterioles. The 
process of organogenesis 
continued with the 
metarterioles differentiating 
into three-layered arterioles 
(arteries). 



1 



EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 


C-3 


Circulation, 1998, 
Editorial, "Angiogenic 
therapy of the human heart" 

SYNOPSIS: Basic 


Editorial 


Editorial 


Editorial 


research in a different field 
(cancer) purified 
angiogenic growth factors 
in the 1980's. A novel 
clinical application of these 
growth factors introduces a 
new modality-the 
regulation of blood vessel 
growth. 


C-4 


NTH Press Release: 1999, 


Blood 
vessels to 
heart 


Insertion of 

timed-release 

capsule 


Basic fibroblast growth 
factor 


"Growing New blood 
vessels with a timed-release 
capsule of growth factor is 
a promising treatment for 
heart bypass patients, finds 
NHLBI Study" 

SYNOPSIS: Researchers 


at Harvard Mecial School 
inserted timed-release 
capsules of basic fibroblast 
growth factor into [human] 
heart muscle to grow new 
blood vessels. 


C-5 


The Lancet 1996, "Clinical 
Evidence of angiogenesis 
after arterial gene transfer 
of phVEGF in Patient with 
Ischaemic limb" 

SYNOPSIS: Growth factor 


Blood 
vessels to 
leg 


Balloon 

Catheter/ 

hydrogel 


Vascular endothelial 
growth factor plus living 
material (plasmid) 


plus living material 
(plasmid) inserted into the 
body with a gel carrier to 
grow new blood vessels in 
the leg of a patient. 
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EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 


C-6 


U.S. Patent No. 5,652,225 
(1997) Parent application 
filed 10/04/94 

SYNOPSIS: The 


Formation 
of new 
blood 
vessels 


Balloon catheter/ 
hydrogel 


Angiogenic growth 
factors 


formation of new blood 
vessels in a human host by 
inserting a growth factor 
with a carrier into the body. 


C-7 


Harvard University 


Formation 
of new 
arteries in 
hearts 


Injection via 
tube (catheter); 
and implanted 
timed-release 
capsules 


Basic fibroblast growth 
factor 


Gazette, 1998, "New 
Arteries Grown in Diseased 
Hearts" 

SYNOPSIS: Harvard 
Medical School researchers 

injCCi Doolw XlUIUUldoL 

growth factor through a 
carrier (tube) to grow new 
arteries in a human heart. 
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Study Is First Ever To Document Protein 
Therapy Induces Creation Of New Blood 
Vessels To The Human Heart 



DALLAS, Feb. 24 For the first time, scientists have published research 
evidence that recombinant protein therapy can create new blood vessels to 
increase blood supply to the human heart. The report from German 
scientists appears in today's Circulation: Journal of the American Heart 
Association. 

FGF-I, a human growth factor obtained through genetic engineering, was 
used in 20 patients with some form of ischemic or coronary heart disease, 
which results from blockages in the vessels leading to and from the heart. 
By injecting the growth factor near the blocked vessels, the scientists were 
able to induce neoangiogenesis - the process by which the body can grow 
its own new capillary network to bypass occluded vessels. 

This capillary network is a true de novo vascular system," says 
Thomas-Joseph Stegmann, MD., head of the department of thoracic and 
cardiovascular surgery at the Fulda Medical Center, Fulda, Germany, " We 
were able to use the recognized physiological effects of FGF-I to induce 
neoangiogenesis in the human ischemic heart." 

As early as four days after application of FGF-I, the vascular structure 
around the diseased vessels was completely altered in all 20 of the 
patients. Like the spokes of a bicycle wheel, the new capillary vessels 
radiated outward from the point of injection, resulting in a twofold to 
threefold increase in blood flow to the heart, says the study's lead author. 

Researchers found, on average, the ejection fraction of the 20 patients 
improved from 50.3 percent to 63.8 percent in the three years following 
the procedure. Ejection fraction measures how much blood leaves the 
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heart with each beat and indicates how well the left ventricle — the heart's 
main pumping chamber — is functioning. 

In follow-up angiographic imaging of the patients, it was clear that the 
growth factor injection had stimulated the creation of a new vascular 
system, says Stegmann. Three months after the procedure, he and his 
colleagues examined angiograms — X-ray images of the heart — of both 
the treated and control (untreated) patients and found that no blockages 
had formed in the new vessels. 

All of the patients who received the FGF-I three years ago are still alive. 
The scientists report that no negative side effects have been seen in the 
patients who received the FGF-I. 

Elizabeth Nabel, M.D., an American Heart Association board member, has 
done extensive research in gene and recombinant protein therapy over the 
past 12 years. She says this new research is encouraging for cardiovascular 
surgeons. 

"It's a very important therapy for patients who have blocked arteries that 
are not amenable to bypass," says Nabel, professor of internal medicine 
and physiology and chief; division of cardiology at the University of 
Michigan. "This is not to say that bypass should be abandoned, but this 
research shows angiogenesis is a powerful therapy to be used with bypass 
surgery." 

The procedure is still experimental, but scientists say the use of FGF-I 
may particularly benefit patients whose blocked vessels cannot be treated 
by cardiac bypass operations. 

"At the moment, this procedure could not replace conventional bypass 
surgery," says Stegmann. 'The question remains to be answered whether 
FGF-I or other growth factors are able to treat occlusions of greater 
coronary vessels, but currently, this is not possible." 

Scientists have used gene therapy to grow vessels in other parts of the 
body — such as in the legs in order to improve the health of patients who 
have blockages in lower leg blood vessels - but this is the first published 
account of the use of recombinant protein therapy to induce angiogenesis 
in human hearts. 

FGF-I was obtained from strains of Escherichia coli by genetic 
engineering, then isolated and highly purified the recombinant FGF-I 
protein. After several series of animal experiments demonstrated the 
potency of FGF-I, it was used in humans for the first time. 

When scientists create recombinant protein, they take the DNA of a 
growth factor (in this case FGF-I) and manipulate it into RNA 
(ribonucleic acid) by growing it in bacteria cultures in the laboratory. 
RNA is then manufactured into protein, which is isolated and purified 



before it is injected into the hearts of patients. 



Twenty patients — 14 men and 6 women who were at least 50 years old - 
who had no prior history of heart attack or cardiac surgery had an 
operation to clear blockages in more than one vessel. All of them had 
stenosis — narrowed blood flow due to atherosclerosis - in their internal 
mammary artery/left anterior descending coronary artery. During the 
operative procedure, the growth factor protein — in a dosage of 0.01 
milligrams per kilogram of body weight — was directly injected into the 
heart muscle near the blockage. 

Prior to using the treatment in humans, the scientists performed several 
series of animal experiments, most specifically in ischemic rat hearts. 
Having found that the FGF-I injection worked in those animal models, the 
researchers theorized that it would also work in humans. 

Study co-authors are P. Pecher, MX).; B.U. von Specht, M.D. and B. 
Schumacher, M.D, 



Note: This story has been adapted from a news release issued by American Heart Association for 
journalists and other members of the public. If you wish to quote from any part of this story, please 
credit American Heart Association as the original source. You may also wish to include the 

following link in any citation: 

http:/M>w\v.sciencedailv.com/releases/1998m 
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Induction of Neoangiogenesis in Ischemic Myocardium by 

Human Growth Factors 
First Clinical Results of a New Treatment of Coronary Heart Disease 

B. Schumacher, MD; P. Pecher, MD; B.U. von Specht, MD; Th. Stegmann, MD 

Background — The present article is a report of our animal experiments and also of the first clinical results of a new treatment for 
coronary heart disease using the human growth factor FGF-I (basic fibroblast growth factor) to induce neoangiogenesis in the 
ischemic myocardium. 

Methods and Results- — FGF-I was obtained from strains of Escherichia colt by genetic engineering, then isolated and highly purified. 
Several series of animal experiments demonstrated the apathogenic acdon and neoangiogenic potency of this factor. After 
successful conclusion of the animal experiments, it was used clinically for the first time. FGF-I (0,01 mg/kg body weight) was 
injected close to the vessels after the completion of internal mammary artery (IMA)/left anterior descending coronary artery 
(LAD) anastomosis in 20 patients with three-vessel coronary disease. All the patients had additional peripheral stenoses of the 
LAD or one of its diagonal branches. Twelve weeks later, the IMA bypasses were selectively imaged by intra-arterial digital 
subtraction angiography and quantitatively evaluated. In all the animal experiments, the development of new vessels in the 
ischemic myocardium could be demonstrated angiographically. The formation of capillaries could also be demonstrated in 
humans and was found in all cases around the site of injection. A capillary network sprouting from the proximal part of the 
coronary artery could be shown to have bypassed the stenoses and rejoined the distal parts of the vessel. 

Conclusions — We believe that the use of FGF-I for myocardial revascularization is in principle a new concept and that it may be particularly 
suitable for patients with additional peripheral stenoses that cannot be revasadarized surgically. (Circulation. 1998;97:645-650.) 

Key Words: growth substances ■ angiogenesis ■ coronary disease 
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For the cardiac surgeon who is attempting to treat CHD, the 
use of sections of autologous blood vessels as bypass material is 
subject to severe limitations. Autologous arterial conduits are in 
short supply, and segments of the saphenous vein do not remain 
patent for very long. 1,2 Furthermore, "complete" revascularization 
is limited if diffuse coronary arteriosclerosis is present and exten- 
sive, especially if there are additional peripheral stenoses. 

See p 628 

In the search for alternative and/or additional treatment for 
improving the long-term prognosis, especially in diffuse CHD, 
attention has recently been directed Coward natural angiogene- 
$k M Growth factors, especially FGF-I, have recendy become of 
major importance because they can induce angiogenesis.*- 10 " 12 

Gimenez-GaQego et al° succeeded in elucidating the biochem- 
ical structure of FGF-I in 1985. Jaye et al 14 isolated human FGF-I 
from brain tissue in 1986. In 1991, Forough and coworkers 15 
successfully used the technique of gene transfer to introduce the 
information for expressing human FGF-I into apathogenic Esdi- 
eridtia colt. 

Our aim was to evaluate the information currendy available 
on the biological effect of angiogenetic growth factors in 
animals and, if appropriate, to use human growth factor for the 



treatment of CHD . This involved (1) the production of human 
growth factor by genetic engineering, followed by its isolation, 
characterization, and purification; (2) using animal experiments 
to establish its angiogenetic potency and to exclude any 
possible pathogenic effect; and (3) using FGF-I clinically as an 
adjunct to coronary surgery and to demonstrate neoangiogen- 
esis in the ischemic human myocardium. 

Methods 

Production and Purification of FGF-I 
The production and purification of human FGF-I is a biochemically 
elaborate technique. The individual experimental steps have been 
reported elsewhere. 4,7 

Genetic engineering was used to produce, human FGF-I from 
apathogenic strains of E coli t a plasmid containing the genetic 
information being introduced into the nucroorgaiusms." These were 
kindly provided by Prof T. Mactag (Laboratory of Molecular Biology, 
American Red Cross, Rockville, Md). After production, FGF-I was 
eluted by heparin sepharose column chromatography, and several 
elution tractions were collected and purified by dialysis. Positive 
protein elution fractions were identified in the BIO-RAD assay 7 by 
SDS-PAGE, 1 * and the biochemical isolation of FGF-I was confirmed 
by the Western blot method. 17 Further purification was obtained by 
HPLC,'* The factors were lyophilized and stored at -32°C and 
diluted to 1 mL with NaCl solution containing 500 IU of heparin. 
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Chorioallantoic Membrane Assay 

This established method, which provides a direct demonstration of the 
effect of growth factors on living tissue, was used Co investigate the 
angiogenetic effect of FGF-I."- 20 The growth of the allantoic systems 
can be dirccdy observed by light microscopy. After incubation of 20 
fertilized hen eggs for 13 days, the growth factor was applied to the 
membrane and covered with tissue culture coverslips. Four days later, 
the membrane was examined under the light microscope and dirccdy 
compared with controls untreated with FGF-I or treated with 
heat-denatured FGF-I (70°C for 3 minutes). 

Exclusion of the Pyrogenicity of FGF-I 

Varying concentrations of FGF-I (0.01, 0.5, or 1.0 mg/kg body 
weight) were injected subcutaneously, intramuscularly, or intrave- 
nously into 27 New Zealand White rabbits, the solvent alone being 
used for an additional 13 controls. Thereafter, the rectal temperature 
was taken every half hour for 3 hours, hourly for the rest of the day, 
and every 8 hours for 12 days. A daily white cell count was also 
repeated for 12 days (see "Results"). In addition to this, the erythro- 
cyte sedimentation rate and the C-reactive protein values were 
determined on the 3rd, 6th, 9th, and 12th days after the injection. 

Confirmation of the Angiogenetic Potency of 
FGF-I in Animal Experiments 

Supplementary to our earlier experiments, 0 the effect of FGF-I was 
also investigated in the ischemic hearts of inbred Lewis rats (a total of 
275 animals, including 125 controls treated with heat-denatured 
FGF-I, 70°C for 3 minutes). The pericardium was opened via the 
abdominal wall and diaphragm, and two titanium clips were inserted 
at the apex of the left ventricle to induce myocardial ischemia. Growth 
factor (mean concentration of 10 /ig) was then injected locally into the 
site. The coronary vessel system was imaged by aortic root angiogra- 
phy after 12 weeks and, finally, a specimen from the same myocardial 
region was evaluated histologically. 

Clinical Use of FGF-I in Patients With CHD 
This study was approved by the Medical Research Commission at the 
Phillips University of Marburg on August 10, 1993 (No. 47/93). This 
is the usual ethics commission for our hospital. Twenty patients 
without any history of infarction or cardiac surgery (14 men and 6 
women; minimum age, 50 years) were subjected to an elective bypass 
operation for muhrvessel coronary heart disease. The growth factor 
was applied dirccdy during the operation. As a control group, 20 
patients who underwent the same procedure were given heat- 
denatured FGF-I (70°C for 3 minutes). The choice of treatment was 
completely random, the names being placed in sealed envelopes and 
selected in a blinded manner. 

The details, nature, and aims of this procedure were explained 
beforehand to every patient who underwent the operation. In all cases, 
we received their fully informed consent Both groups of patients were 
closely comparable with regard to clinical symptoms, accompanying 
disorders, cardiovascular risk (actors, ventricular function, sex, and age. 
A comparable coronary morphology was found in both groups. 

All patients had a further stenosis in the distal third of the LAD or 
at the origin of one of its branches in addition to a severe proximal 
stenosis. The mean ejection fraction of the left ventricle for all patients 
was 50%. The operative procedure for coronary revascularization with 
autologous grafts (an average per patient of 2 to 3 venous bypasses and 
1 from the left IMA) was routinely performed. FGF-I (mean concen- 
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Figure 1. Intraoperative administration of growth factor. 

tration, 0.01 mg/kg body weight) was injected into the myocardium, 
distal to the IMA/LAD anastomosis and close to the LAD, during the 
maintenance of the extracorporeal circulation and after completion of 
the distal anastomoses (Fig 1). In the control group, heat-denatured 
FGF-I was substituted for FGF-I. After 12 weeks, the IMA bypasses of 
all the patients were imaged selectively by transfemoral, intra -arterial, 
and digital subtraction angiography. 

Angiograms obtained in' this way were evaluated by means of 
EDP-assisted digital gray-value analysis, a universally recognized and 
well-established technique for demonstrating capillary neoangiogen- 
esis. 2 '" 26 Sites of interest both with and without FGF-I (meaning 
heat-denatured FGF-I) were selected in the vessels filled with contrast 
medium and in regions of the myocardium distal to the I MA/ LAD 
anastomosis. One hundred pixels were selected from each site of 
interest and analyzed digitally. Complete blackening of the x-ray films 
was rated with a gray value of 1 50, and areas without blackening of the 
film were allotted a zero value. During the first 5 postoperative days, 
separate laboratory checks in addition to the routine postoperative 
follow-up procedures were made twice daily, and the temperature 
checked three times a day. 

Results 

After separation, purification, and stabilization, we were able to 
isolate human FGF-I in all 40 bacterial cultures and demon- 
strate its high degree of purity. Fig 2 shows an HPLC profile of 
the growth factor after routine purification. The peak values at 
the beginning and end of the profile represent impurities that 
could be identified as E colt proteins. FGF-I could be further 
separated by fractionated collection, and the control HPLC 
(Fig 3) merely shows the peak value of this fraction on an 
otherwise even baseline. 
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Figure 2. HPLC profile before high purification. HBGF-I Indi- 
cates human FGF-I; %E, extinction. 
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Figure 3. HPLC profile after high purification. HBGF-I indicates 
human FGF-I; %E, extinction. 

In the chorioallantoic membrane assay, the angiogenetic po- 
tency of FGF-I could be demonstrated in vivo. As early as 4 days 
after application of the fcctor, the vascular structure of the 
membrane was completely altered. Emanating radially from the 
site of application, an unequivocal growth of new vessels from the 
original host vessels had grown out into the periphery (Fig 4A). 
These structures were completely absent from the control group, 
and a normally developed reticular vascular pattern could be 
discerned (Fig 4B). 

Pyrogenic effects of the human growth factor produced in this 
way could be definitively ruled out in the animal model. There 
was no significant rise of body temperature when checked at short 
intervals and no trace of an inflammatory reaction in comparison 
with the control group (n=13) in any of the 27 test animals 
during the period of observation. This result was independent of 
the concentration and the route of administration (intravenous, 
subcutaneous, or intramuscular) of the factor. 

Earlier investigations into the application of FGF-I to the 
nonischemic rat heart made it possible to demonstrate neoan- 
giogenesis both histologically and angiographically after 9 
weeks in 1 1 of 12 test animals after the implantation of a tissue 
bridge pretreated with growth factor between the heart and 
thoracic aorta. In the control group without FGF-I fti-6), no 
signs of induced neoangiogenesis could be found/' 7 

Uriec^iivocal proof of induced neoangiogenesis was also found 
in the ischemic rat heart. In the test animals, in which myocardial 
ischemia had previously been induced with titanium clips and 
growth fcctor had subsequently been injected into the myocardi- 
um, a manifest accumulation of contrast medium was shown by 
aortic angiography at the site of the FGF-I injection 12 weeks later 
(Kg 5A) whereas such an accumulation of contrast medium did 
not appear in any of the control animals (Fig 5B). Histological 
examination of the myocardium revealed a threefold increase in 
the capillary density per square millimeter around the site of the 
FGF-I injection. 

When the growth 6ctor FGF-I was used clinically for the first 
time on the human heart, neoangiogenesis together with the 
development of a normal vascular appearance could be demon- 
strated angiographically, exactly as in the earlier animal experi- 
ments. 4 ' 7 Selective imaging of the IMA bypasses by intra-arterial 
digital subtraction angiography confirmed the following result in 
all 20 patients: at the site of injection and in the distal areas 
supplied by the LAD, a pronounced accumulation of contrast 
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Figure 4. A. Chorioallantoic membrane assay with application 
of the growth factor. B, Chorioallantoic membrane assay of the 
control group. HBGF-I indicates human FGF-I. 



medium extended peripherally around the artery for -3 to 4 cm, 
distal to the IMA/LAD anastomosis (Fig 6A). In the control 
angiograms of patients to whom only heat-denatured FGF-l had 
been given, die IMA/LAD anastomosis was also recognizable, but 
the accumulation of contrast medium described above was absent 
(Fig 6B). The angiograms of both the treated and control groups 
were recorded at a rate of four images per second, and these show 
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Figure 6. A, Admintstratlon of the growth factor In Ischemic rat 
heart with a dearly discernible accumulation of contrast medium at 
the site of injection. B, No discernible accumulation of contrast 
medium in the control group. HBGH indicates human FGF-I. 

comparable distances between the beginning of the injection and 
visualization of the medium. 

At the site of injection of the FGF-I, a capillary network 
could be seen sprouting out from the coronary artery into the 
myocardium. This enabled retrograde imaging of a stenosed 
diagonal branch to be performed (Fig 7A). Such "neocapillary 
vessels" can also provide a collateral circulation around addi- 
tional distal stenoses of the LAD (Fig 7B) and bring about 
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Figure 6. A, Angiography after Injection of the growth factor 
Into the human heart shows a pronounced accumulation of con- 
trast medium compared with the control group. B, Angiography 
in the control group does not show any increased accumulation 
of contrast medium around the IMA/LAD anastomosis. HBGF-I 
indicates human FGF-I. 

retrograde filling of a short segment of the artery distal to the 
stenosis. In none of the angiograms of the treated patients taken 
12 weeks after the- operation were any new stenoses of the 
LAD detectable. 

The results of EDP-assisted digital gray value analysis for 
quantification of the neoangiogenesis (Fig 8) gave a mean gray 
value of 124 for the vessels. The control myocardium reached 
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Ftaure 7. A. CollateraKzation of stenoses (arrow): a diagonal 
branch occluded Just distal to its origin Is filled through the 
neaJv arown capillaries. B, (^lateralization of stenoses (arrow) 
bynevSy grow7capiilaries: the peripherally stenosed £D is 
Med through these vessels. HBGF-I indicates human FGF-I. 

a gray value of only 20, and that of the myocardium injected 
with FGF-I gave a value of 59 (Fig 8). 

Discussion 

Normal capillaries have a cell population with a low turnover rate 
of months or years. On occasion, however, a high turnover rate 
of this cell population is possible even under physiological 




Figure & Quantitative gray value analysis of contrast medium 
accumulation in the angiography shows a twofold to threefold 
increase in the local blood flow at the site of injection. HBGF-I - 
indicates human FGF-I. 

conditions, and this naturally leads to the rapid growth of new 
capillaries and other blood vessels. Such a physiological process 
occurs in the development of the placenta, in fetal growth, and in 
wound healing, as well in the formation of collaterals in response 
to tissue ischemia. "Angiogenetic growth factors," which are 
biochemically polypeptides, are essential for such processes as 
capillary growth or neoangiogenesis. These growth factors (for 
instance, the human heparin-binding FGF-I) bring about their 
effect by significandy increasing cell proliferation, differentiation, 
and migration via a high-affinity receptor system on die surfaces of 
the endothelial celIs.* ,HMJ 

During the last few years, several working groups have been 
able to establish indications for the effective use of growth factors 
to improve blood flow in the presence of tissue ischemia in animal 
experiments. 3,9,27 Yanagisawa-Miwa et al 9 succeeded in demon- 
strating a significant collateralization together with reduction in 
the size of the infarct after intracoronary administration of growth 
factor in rabbits. Baffour et al J also observed a significant formation 
of collaterals in ischemic extremities after growth factor adminis- 
tration in animals. Albes et al 27 produced a distinct improvement 
in the blood flow in ischemic tracheal segments implanted 
subcutaneously in rabbits by injecting growth factor- enriched 
fibrin glue locally. 

After growth factor was injected into the ischemic rat heart, 4,7 
we were able to observe induced neoangiogenesis and confirm it 
angiographically. We were also able to prove histologically that 
this neoangiogenesis bring? about the development of new 
vascular structures with a three-layered vessel wall. Angiographic 
imaging confirmed that these are anatomically normal capillaries 
and other blood vessek 

The production of human FGF-I by our molecular biological 
method has proved to be a complex but readily reproducible 
procedure. From the bacterial cultures, we are able to isolate the 
fcctor as a pure substance in sufficient quantities. By in vitro assay and 
as a result of extensive animal experiments, we were able to exclude 
die possible pyrogenic effects of FGF-I. 

In earlier animal experiments, 4 we were able to demonstrate the 
proliferative and mitogenic effects of the growth factor on human 
saphenous vein endothelial cells. Endothelial cell cultures with 
added growth fiictor induced a confluent monolayer after only 5 
to 9 days, whereas the monolayer was not complete before 7 to 1 1 
days in .the control group. In addition to determining the total cell 
count with a cell counter, we also confirmed this result by 
analyzing the rate of DNA synthesis by measuring the incorpo- 
ration of 3 H-thymidine into the endothelial cell nuclei using the 
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method of Magsbnm and Shing.* Hie cell proliferative potency 
of FGF-I could be further intensified by adding heparin, a 
glyco&aminogly£2R protecting the growth fictor from inactivation 
by ceUubr enzymes and from heat and chemical denaturation. 9 

On die basis of these in vitro and in vivo experiments, we 
established tor the first time the efficacy of FGF-I for the treatment 
of CHD, and were able to demonstrate that it can induce 
neoangiogenesis in situ in the ischemic human heart. This 
possibility has been widely discussed for many years but never 
before attempted 

A dense capillary network appeared around the site of injection 
of the ractor in the myocardium of all our treated patients. This 
capillary network is a true de novo vascular system. Emerging 
from the proximal segment of the LAD, it sprouts out into the 
surrounding myocardium, bringing about a twofold to threefold 
increase in the local blood supply through these newly formed 
functional vessels. We were able to use the recognized physio- 
logical effects of FGF-I (as they occur in the repair mechanism of 
wound healing or in colhteralization of ischemic* tissue) to induce 
neoangiogenesis in the human ischemic heart. 

We also consider that adininistration of FGF-I (produced in 
this way by genetic engineering), combined with operative 
myocardial revascularization, may well be an especially appropri- 
ate treatment for patients with additional peripheral stenoses that 
cannot be treated surgically. 

In our opinion, neoangiogenesis induced by FGF-I opens up 
new possibilities for the treatment of ischemic myocardial disease. 
Furthermore, it could become a new therapeutic concept in the 
management of diffuse CHD after alternative methods of admin- 
istration have also been developed. This method of inducing 
neoangiogenesis is also conceivable as a therapeutic option in 
other regions of the cardiovascular system in which arterial 
occlusion has led to ischemia. 30 However, before any such 
possibilities are realized, many more clinical investigations will 
have to be performed. 
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Angiogenic Therapy of the Human Heart 

Judah Folkman, MD 



The field of angiogenesii research was initiated 27 yean ago 
by a hypothesis that tumors are angjogenesis-dependent. 
Shortly thereafter, in the early 1970s, it became possible to 
Me vascular endothelial celk in vitro for the first time. 
Koassays for arwnesis were developed subseqoer^ through- 
out that decade. Tte eanV 1980s saw die riuritk^ 
anriogenic factors." By the mid-1980s, arqrjogenesis inhibitors 
3rTto be discovered" Translation of these laboratory findings 
VdSnical application started in 1989. when interferon alfa was 
first used for the treatment tf Kfe-Areatcriing hemangiomas in 
infants. ^ ■ - 

See p 645 

Clinical applications of angiogenesis research are being 
pursued along three general lines: (1) prognostic markers m 
oncer patients."-" (2) anriangiogenic therapy (for review, sec 
Reference 15), and (?) angiogenic therapy. The first angio- 
genic therapy of ischemic vascular disease was the administra- 
tion of vascular endothelial growth factor fVEGF)/vascuhr 
permeability factor to patients with severe peripheral vascular 
disease in the lower limbs." 

In a landmark paper, Schumacher and colleagues now report 
the first angiogenic therapy of human coronary heart diseases 
It is an important study, not only because the aumors describe 
how they produced their own recombinant human fibroblast 
oowth tactor-1 (FGF-1, also called acidic fibroblast growth 
factor) and tested it in vitro and in vivo but also because they 
conducted a randomized controlled clinical triaL In 20 patients 
with three-vessel coronary artery disease who underwent two 
or three venous bypass grafts and one from the mtetnal 
mammary artery, the angiogenic protein FGF-1 was injected 
too the myocardium close to the left anterior Ascending 
coronary artery and distal to its anastomosis with the internal 
nummary artery. FGF-1 was injected (luring extracorporeal 
wrgcry and again after completion of the anastc^. Trar*- 
fcmonu. inm-arterial digital subtraction angiography 12 weeks 
later showed coronary artery neovascularization attending out 
fiod the area of FGF-1 injection. Stenoses distal to the 
anastomosis were bridged by revascularization. This was 
jimflar to the neovascularization observed by the authors in rat 
hearts injected with FGF-1. Histological sections of rat myo- 
cardium showed a threefold increase in microvessel density. In 

20 patients undergoing similar coronary artery bypass surgery 

in whom inactivated FGF-1 was injected, there was no 
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evidence of myocardial neovascularization on the 12-week 

1 T g Xntage of this approach is that it induces local 
angiogenesis and appears to avoid high levels of circulating 
angiogenic activity that could possibly stimulate plaque angio- 
gZeTand secondary plaque growth. Why does neovascular- 
ization persist for at least 12 weeks after only a angle set of 
myocardial injections of the angiogenic proton? Perhaps 
peoteent neovascularization was facilitated by u^egulation of 
VEGF and its receptors in hypoxic tissue." FurAermore. basic 
FGF and VEGF are synergistic mitogens for endothelial ceDsm 
vitro. ,M0 Also, FGF can increase expression of (or mobilize) 
VEGF" 

This report uses primarily anatomic studies to demonstrate 
increased myocardial neovascularization after angiogenic ther- 
apy We look forward to the follow-up of these patients to 
learn whether they have significant functional improvement 
compared with the control group of patients who received 
inactive FGF. It may be difficult to discriminate the extent to 
which functional improvement is due to the angiogenic 
therapy per se. despite use of a control group, because of the 
concomitant internal mammary artery anastomosis and the 
relatively small number of patients in this study. Nevertheless, 
the angiographic documentation of myocardial revascuUnxa- 
tion suggests that functional improvement should Mow 

Although major therapeutic advances in cardiology have 
been based on the general principles of control of blood 
pressure, regulation of cardiac rhythm, enhancement ofmyo- 
cardial contractile strength, increased tuameter of narrowed 
coronary arteries, and lysis of intravascular thromboses, the 
report by Schumacher et al introduces a new -^"V- J c 
Zdation of blood vessel growth. If angiogenic therapy of the 
myocardium continues to hve up to its p<>teritial as incUcated 
by this report, we may witness novel 
!L as tlVmolecular biology of endothelial cell and smooch 
edl growth is gradually uncovered. For example, the tnoa- 
peJTfeduction of coronary arterial collaterals may someday 
be optimized by adrrunistration of appropriate mixtures ot 
molecules that target cUfferent components of the vasc^tiire 
ie, the FGFs are mitogenic for vascular endothelial edb and 
anooth muscle, VEGF* is mitogenic primarily for endothelial 
cells, angiopoietin-l mediates the recruitment of smooth 
muscle cells to the wall of new vessels," and angiopoietm-2 
appears to prevent or downregulate smooth muscle apposition 
to die walls of rnicrovessels." It is interesting that the meth- 
odology to discover these different vascular cell growth pro- 
teins emerged largely from investigation, of "•f 4 "*™ °f 
tumor angiogenesis in studies funded primarily by £ Nauonal 
Cancer3t7teTver many years. The report by Schurrucher 
et al illustrate, how unpredictable are the dinical applications 
that may arise from basic research in a Afferent field. 
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Growing New Blood 
Vessels with a 
Timed-Release Capsule of 
Growth Factor is a 
Promising Treatment for 
Heart Bypass Patients, 
Finds NHLBI Study 

By The National Heart, Lung, and Blood 
Institute 

Heart bypass patients treated with a 
timed-release capsule of a 
substance that promotes the growth 
of new blood vessels showed 
evidence of improved blood supply 
and heart function, according to a 
study supported by the National 
Heart, Lung, and Blood Institute 
(NHLBI) of the National Institutes of 
Health. 

"Growing" blood vessels, a strategy 
called angiogenesis, is a promising 
experimental treatment for blocked 
arteries In bypass surgery patients 
for whom surgery alone would not 
adequately restore blood flow to the 
heart. 

Dr. Michael Simons and colleagues 
at Harvard Medical School inserted 
timed-release capsules of basic 
fibroblast growth factor (bfGF) into 
the heart muscle of patients 
scheduled for bypass surgery. 
Patients received either a 10 
microgram (meg) or 100 meg dose 
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of the substance. Other patients 
received a harmless placebo capsule 
at the time of surgery. The relatively 
small study (24 patients total) was 
designed to test the safety and 
effectiveness of the procedure. 

The study, published in the 
November 2, 1999 issue of 
Circulation, found that there were 
no serious adverse effects of the 
treatment. Both magnetic resonance 
imaging (MRI) and nuclear stress 
testing were used to evaluate 
changes in blood flow. Stress tests 
showed a worsening of blood flow in 
the placebo group, no change in the 
10 meg. group and significant 
improvement in patients receiving 
100 meg. MRI results showed clear 
improvement in blood flow in 
patients given 100 meg. Patients in 
the highest dose group were free of 
angina (chest pain) but some 
patients in the placebo and low-dose 
group experienced chest pain. 

Simons and colleagues note that a 
larger (Phase II) multi-center study 
of this approach is currently 
underway. 

The National Heart, Lung, and Blood 
Institute of The National Institutes of 
Health. Press Release: Growing New 
Blood Vessels with a Timed-Release 
Capsule of Growth Factor is a 
Promising Treatment for Heart Bypass 
Patients, Finds NHLBZ Study. November 
1, 1999. (Online) 

http://www.nih.Qov/news/Dr/nov99/nhlbi-01.htm 
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Methods and products for nucleic acid delivery 

Abstract 



The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, including antisense DNA or RNA. The nucleic acid may encode hormones, enzymes, 
receptors or drugs of interest. The nucleic acid is selected based upon the desired therapeutic 
outcome. For example, in the treatment of ischemic diseases, one would select a DNA encoding an 
angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle such as cationic 
liposomes and adenoviral vectors. DNA encoding different proteins may be used separately or 
simultaneously. 
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T his is a c ontinuation of application Ser. No. 08/318,045 filed on Oct. 4, 1994 now abandoned. 

Claims 



1 A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with a first DNA encoding an angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 



//l 64. 195. 100. 1 l/netacgi/nph-Parser?Sectl=PT02&Sect2=HITOFF&u=/netahtml/se.../isne 12/6/99 



United States Patent: 5,652,225 



Page3of23 



growth factor, platelet-derived growth factor, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor and having an operably linked secretory signal sequence or a first DNA 
encoding a modified angiogenic protein selected from the group consisting of acidic and basic 
fibroblast growth factors, vascular endothelial growth factor, epidermal growth factor, transforming 
growth factor .alpha, and .beta., platelet-derived endothelial growth factor, platelet-derived growth 
factor, tumor necrosis factor .alpha., hepatocyte growth factor and insulin like growth factor having an 
operably linked secretory signal sequence, wherein said angiogenic protein induces new blood vessel 
formation when expressed in said target tissue in an amount effective to induce new blood vessel 
formation. 

2. The method of claim 1, wherein the angiogenic protein is vascular endothelial growth factor. 

3. The method of claim 1, wherein the hydrogel polymer is selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. 

4. The method of claim 1, wherein the hydrogel polymer is a polyacrylic acid polymer. 

5. The method of claim 1, wherein the hydrogel polymer is admixed with a second DNA encoding an 
angiogenic protein selected from the group consisting of acidic and basic fibroblast growth factors, 
vascular endothelial growth factor, epidermal growth factor, transforming growth factor .alpha. 

and .beta., platelet-derived endothelial growth factor, platelet-derived growth factor, tumor necrosis 
factor alpha., hepatocyte growth factor and insulin like growth factor and having an operably linked 
secretory signal sequence or a second DNA encoding a modified angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 
growth factor, platelet-derived growth factor, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor having an operably linked secretory signal sequence, wherein said 
angiogenic protein induces new blood vessel formation when expressed in said target tissue in an 
amount effective to induce new blood vessel formation, and wherein said second DNA is not the same 
as said first DNA, 

6. A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host, comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with DNA encoding vascular endothelial growth factor and which is 
expre ssed in an amount effective to induce new blood vessel formation. 

Description 



FIELD OF THE INVENTION 

The present invention relates to delivery of nucleic acid to arterial cells and compositions therefor. 
BACKGROUND OF THE INVENTION 

Work from several laboratories (Nabel, et al., Science, 249:1285-1288 (1990); Lim, et al., Circulation, 
83:2007-201 1 (1991); Flugelman, et al., Circulation, 85:1 1 10-1 117 (1992); Leclerc, et al., J. Clin. 
Invest., 90:936-944 (1992); Chapman, et al., Circ. Res., 71: 27-33 (1992); Riessen, et al., Hum. Gene 
Ther., 4: 749-758 (1993); and Takeshita, et al., J. Clin. Invest., 93:652-661 (1994), has demonstrated 
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that recombinant marker genes could be transferred to the vasculature of live animals. 

Gene delivery systems employed to date have been characterized by two principal components: a 
macrodelivery device designed to deliver the DNA/carrier mixture to the appropriate segment of the 
vessel, and microdelivery vehicles, such as liposomes, utilized to promote transmembrane entry of 
DNA into the cells of the arterial wall. Macrodelivery has typically been achieved using one of two 
catheters initially developed for local drug delivery: a double-balloon catheter, intended to localize a 
serum-free arterial segment into which the carrier/DNA mixture can be injected, or a porous-balloon 
catheter designed to inject gene solutions into the arterial wall under pressure. Jorgensen et al., 
Lancet 1 1106-1 108, (1989); Wolinsky, et al., J. Am. Coil. Cardiol., 15:475-485 (1990); March et al., 
Cardio Intervention, 2:1 1-26 (1992)); WO93/00051 and WO93/00052. 

Double balloon catheters are catheters which have balloons which, when inflated within an artery, 
leave a space between the balloons. The prior efforts have involved infusing DNA-containing material 
between the balloons, allowing the DNA material to sit for a period of time to allow transfer to the 
cells, and then deflating the balloons, allowing the remaining genetic material to flush down the artery. 
Perforated balloons are balloons which have small holes in them, typically formed by lasers. In use, 
fluid containing the genetic material is expelled through the holes in the balloons and into contact with 
the endothelial cells in the artery. These gene delivery systems however, have been compromised by 
issues relating to efficacy and/or safety. 

Certain liabilities, however, inherent in the use of double-balloon and porous balloon catheters have 
been identified. For example, neither double-balloon nor porous balloon catheters can be used to 
perform the angioplasty itself. Thus, in those applications requiring both angioplasty and drug delivery, 
e g to inhibit restenosis, two procedures must be preformed. Additionally, the double balloon 
typically requires long incubation times of 20-30 min., while the high-velocity jets responsible for 
transmural drug delivery from the porous balloon catheter have been associated with arterial 
perforation and/or extensive inflammatory infiltration (Wolinsky, et al., J. Am. Coil. Cardiol., 15:475- 
481 (1990). 

SUMMARY OF THE INVENTION 

It has now been discovered that nucleic acids can be delivered to cells of an artery or blood vessel by 
contacting the cells with a hydrophilic polymer incorporating the nucleic acid, thus avoiding the use of 
a double-balloon or porous balloon catheter and the problems associated with such delivery systems. It 
has also been demonstrated that, unexpectedly, the percentage of transduced arterial cells is 
significantly higher using the present invention compared with use of a double-balloon catheter. 

By "arterial cells" is meant the cells commonly found in mammalian arteries, including endothelial 
cells smooth muscle cells, connective tissue cells and other cells commonly found in the arterial 
structure. 

By "nucleic acid" is meant DNA and RNA, including antisense DNA or RNA. 

It has further been discovered that a DNA encoding an angiogenic protein (a protein capable of 
inducing angiogenesis, i.e., the formation of new blood vessels), delivered by the method of the 
oresent invention is expressed by the arterial cell and induces angiogenesis in tissues perfused by the 
treated blood vessels. This allows for the treatment of diseases associated with vascular occlusion in a 
variety of target tissues, such as limb ischemia, ischemic cardiomyopathy, myocardial ischemia, 
cerebral ischemia and portal hypertension. 
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The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, DNA and RNA, including antisense DNA or RNA. The DNA may encode hormones, 
enzymes, receptors or drugs of interest. The nucleic acid is selected based upon the desired 
therapeutic outcome. For example, in the treatment of ischemic diseases, the genetic material of choice 
is DNA encoding an angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle 
such as canonic liposomes and adenoviral vectors. DNA encoding different proteins may be used 
separately or simultaneously. 

The hydrophilic polymer is selected to allow incorporation of the nucleic acid to be delivered to the 
arterial cell and its release when the hydrophilic polymer contacts the arterial cell. Preferably, the 
hydrophilic polymer is a hydrogel polymer. Other hydrophilic polymers will work, so long as they can 
retain the genetic material of the present invention, so that, on contact with arterial cells, transfer of 
genetic material occurs. 

Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. The hydrogel polymer is preferably 
polyacrylic acid. 

Without wishing to be bound by theory, one reason that the use of hydrogel, and particularly with 
hydrogel coated balloon catheters, is believed to provide improved results over, for example, prior 
treatments with double balloon catheters, is that the use of standard balloon catheters with hydrogel 
surfaces causes the hydrogel not only to contact the endothelial cells which line the interior of the 
arteries, but also displaces the endothelial cells sufficiently to permit contact between the hydrogel and 
the smooth muscle cells which underlie the endothelial cell layer. This permits expression of 
polypeptides in different arterial cell types, which enhances the kinds and amounts of therapeutic 
polypeptides which can be produced in accordance with this invention. For example, as indicated in 
the examples below, the present method successfully produces sufficient amounts of vascular 
endothelial growth factor (VEGF) to cause angiogenesis downstream from a DNA/arterial contact 
point, despite the fact that VEGF is not normally produced even by transformed endothelial cells, but 
is produced by smooth muscle cells of the type that surround the endothelial cells in the artery. 

The arterial cell may be contacted with the hydrophilic polymer incorporating the DNA by means of an 
applicator such as a catheter which is coated with the DNA-bearing hydrophilic polymer. Preferably, 
the applicator can exert some pressure against the arterial cells, to improve contact between the 
nucleic acid-bearing hydrophilic polymer and the arterial cells. Thus a balloon catheter is preferred. 
Preferably, the hydrophilic polymer coats at least a portion of an inflatable balloon of the balloon 
catheter. 

The present invention further includes compositions comprising hydrophilic polymers incorporating 
nucleic acid. Preferably the hydrophilic polymer is a hydrogel and the nucleic acid is DNA which 
encodes an angiogenic protein. 

The present invention also provides kits for application of genetic material to the interior of an artery 
or similar bodily cavity, comprising a substrate, such as a catheter or a suitably shaped rod, and a 
source of genetic material comprising the DNA coding for the desired therapeutic polypeptide. 
Preferably the present invention is directed to a catheter adapted for insertion into a blood vessel, 
having a balloon element adapted to be inserted into the vessel and expandable against the walls of the 
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vessel At least a portion of the balloon element is defined by a coating of a hydrophilic polymer, and 
incorporated within the hydrophilic polymer coating, a nucleic acid to be delivered to the arterial cell. 
The hydrophilic polymer is preferably a hydrogel polymer, most preferably a hydrophilic polyacrylic 
acid polymer. 

The present invention also provides a method for inducing angiogenesis in a desired target tissue, 
comprising delivering a DNA encoding an angiogenic protein to an arterial cell in an artery or blood 
vessel perfusing the target tissue. 

Other aspects of the invention are discussed infra. 

As used herein the term "angiogenic protein" means any protein, polypeptide, mutein or portion 
thereof that is capable of inducing the formation of new blood vessels. Such proteins include, for 
example acidic and basic fibroblast growth factors (aFGF and bFGF), vascular endothelial growth 
factor (VEGF) epidermal growth factor (EGF), transforming growth factor .alpha, and .beta. (TGF- 
aloha and TFG- beta ) platelet-derived endothelial growth factor (PD-ECGF), platelet-denved 
growth factor (PDGF), tumor necrosis factor .alpha. (TNF-. alpha.), hepatocyte growth factor (HGF) 
and insulin like growth factor. Preferably, the angiogenic protein contains a secretory signal sequence 
allowing for secretion of the protein from the arterial cell. VEGF is a preferred protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS 1(a) and 1(b) show the rabbit ischemic hindlimb model. FIG. l(a)is a representative angiogram 
recorded 10 days after surgery. Once the femoral artery is excised, thrombotic occlusion of the 
external lilac artery extends retrograde to its origin from the common lilac (arrow). Open arrow 
indicates the site of arterial gene transfer. In FIG. 1(b) the shaded segment of femoral artery has been 
excised. 

FIGS 2(a) 2(b) and 2(c) illustrate (a) RT-PCR analysis of transfected arteries, (b) Southern blot 
analvsis of RT-PCR products and (c) nucleotide sequence of the RT-PCR product from transfected 
nM* lilac artery. In FIGS. 2(a) and 2(b) the expression of the human VEGF mRNA was evident in 
the rabbit lilac artery (lane 4) and cultured rabbit vascular smooth muscle celfc ^ 
£*0 ^ch were tLsfected with human VEGF gene. Arrows indicate po^Uon of VEGF band at 

bp Lane 1 depicts the results using a molecular weight marker, namely pGEM3z£) digested with 
Hae Ul lane 2 is a negative control (no RNA); lane 3 is a second negative control (rabbit Mac artery 
traced with beta.-galactosidase expression plasmid); and lane 5 is a further negative > conttol (PCR 
aSsof the VEGF-transfected lilac artery excluding the reverse transcriptase reaction). FIG. 2(c) 
Sows the nucleotide sequence of the RT-PCR product from a t^fected rabbit lilac artery. Direct 
syncing of the 258 bp bands obtained by RT-PCR confirmed that Uus band represented ^e human 
VEGF sequence. The sequence designated in 2(c) corresponds to ammo acids 69 to 75 of the VEGF 
n^ntide Asterisks denote the nucleotides which are not conserved among different species of the 
VEGF gene (rat, mouse, bovine, guinea pig) demonstrating that the exogenous human gene was 
amplified by the RT-PCR procedure. 

ptr<: t a IB 3C 3D 3E and 3F comprise internal lilac angiography of a control rabbit at (A) day 0 
LrVtxansfection) '(B) day 10, and (C) day 30 post-transfection, and of a VEGF-transfected rabbit at 
mTdavO (E) day 10 and (F) day 30 post-transfection. In contrast to the control angiographic 
ex^nation of the VEGF-transfected animal discloses extensive collateral artery formation. 

FIGS. 4(a), 4(b) and 4(c) are graphs illustrating the effect of VEGF-transfection on revascularization 
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in an ischemic limb model. FIG. 4(a) the angiographic score at day 0 (immediately prior to 
transfection), and days 10 and 30 post-transfectioa FIG. 4(b) Calf Blood pressure ratio at day 0, and 
at days 10 and 30 post-transfection. FIG. 4(c) depicts capillary density at day 30 post-transfection. 
(*p<0.05,**p<0.01) 

FIGS. 5(a) and 5(b) illustrate alkaline phosphatase staining of ischemic hindlimb muscle, 
counterstained with eosin. FIG. 5(a) depicts the muscle of an animal transfected with pGSVLacZ. 
FIG. 5(b) depicts the muscle of an animal transfected with phVEGF.sub.165. The dark staining 
indicates capillaries as shown by the arrows. 

FIG. 6 illustrates a diagrammatical cross section of a balloon catheter having a hydrophilic surface 
bearing genetic material in accordance with the present invention, in place within an artery. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for the delivery of nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. 

The nucleic acid may be any nucleic acid which when introduced to the arterial cells provides a 
therapeutic effect. The nucleic acid is selected based upon the desired therapeutic outcome. For 
example, in the treatment of ischemic diseases, one genetic material of choice would be a DNA 
encoding an angiogenic protein. DNA useful in the present invention include those that encode 
hormones, enzymes, receptors or drugs of interest. The DNA can include genes encoding polypeptides 
either absent, produced in diminished quantities, or produced in mutant form in individuals suffering 
from a genetic disease. Additionally it is of interest to use DNA encoding polypeptides for secretion 
from the target cell so as to provide for a systemic effect by the protein encoded by the DNA. Specific 
DNA's of interest include those encoding hemoglobin, interleukin-1, interleukin-2, interleukin-3, 
interleukin-4 interleukin-4, interleukin-5, interleukin-6, interleukin-7, interleukin-8, interleukin-9, 
interleukin-10, interleukin-1 1, etc., GM-CSF, G-CSF, M-CSR, human growth factor, insulin, factor 
VIII factor IX, tPA, LDL receptors, tumor necrosis factor, PDGF, EGF, NGF, IL-lra, EPO, .beta - 
clobln and the like, as well as biologically active muteins of these proteins. The nucleic acid utilized 
may also be "anti-sense" DNA or RNA, which binds to DNA or RNA and blocks the production of 
harmful molecules. In addition, the DNA carried to the arterial cells in accordance with the present 
invention may code for polypeptides which prevent the replication of harmful viruses or block the 
production of smooth muscle cells in arterial walls to prevent restenosis. 

Antisense RNA molecules are known to be useful for regulating translation within the cell. Antisense 
RNA molecules can be produced from the corresponding gene sequences. The antisense molecules can 
be used as a therapeutic to regulate gene expression associated with a particular disease. 

The antisense molecules are obtained from a nucleotide sequence by reversing the orientation of the 
coding region with regard to the promoter. Thus, the antisense RNA is complementary to the 
corresponding mRNA. For a review of antisense design see Green, et al., Ann. Rev. Biochem. 55:569- 
597 (1986) which is hereby incorporated by reference. The antisense sequences can contain modified 
suear Dhosphate backbones to increase stability and make them less sensitive to RNase activity. 
Examples of the modifications are described by Rossi, et al., Pharmacol, Ther. 50(2):245-354, (1991). 

In certain therapeutic applications, such as in the treatment of ischemic diseases, it may be desirable to 
induce angiogenesis, i.e., the formation of new blood vessels. For such applications, DNA's encoding 
growth factors, polypeptides or proteins, capable of inducing angiogenesis are selected. Folkman, et 
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al., Science, 235:442-447 (1987). These include, for example, acidic and basic fibroblast growth 
factors (aFGF and bFGF), vascular endothelial growth fiictor (VEGF), epidermal growth fector 
(EGF), transforming growth fector .alpha, and .beta. (TGF-.beta. and TGF-.beta.), platelet-derived 
endothelial cell growth factor (PD-ECGF), platelet-derived growth factor (PDGF) itself, tumor 
necrosis factor .alpha. (TNF-.alpha.), hepatocyte growth factor (HGF) and insulin like growth factor.. 
See, Klagsbrun, et al., Annu. Rev. Physiol., 53:217-239 (1991) and Folkman, et al., J. Biol. Chem. 
267: 1093 1-10934 (1992). Muteins or fragments of an angiogenic protein may be used as long as they 
induce or promote the formation of new blood vessels. 

Recent investigations have established the feasibility of using recombinant formulations of such 
angiogenic growth factors to expedite and/or augment collateral artery development in animal models 
of myocardial and hindlimb ischemia. See, Baffour, et al., J. Vase. Surg., 16:181-191 (1992) (bFGF); 
Pu, et al, Circulation, 88:208-215 (1993) (aFGF); Yanagisawa-Miwa, et al., Science, 257:1401-1403 
(1992) (bFGF); Ferrara, et al., Biochem. Biophys. Res. Commun., 161:851-855 (1989) (VEGF). 

VEGF was also purified independently as a tumor-secreted factor that included vascular permeability 
by the Miles assay (Keck, et al, Science, 246:1309-1342 (1989) and Connolly, et al., J. Biol Chem., 
264:20017-20024 (1989)), and thus its alternate designation, vascular permeability factor (VPF). 
VEGF is a preferred angiogenic protein. Two features distinguish VEGF from other heparin-binding, 
angiogenic growth' factors. First, the NH.sub.2 terminus of VEGF is preceded by a typical signal 
sequence; therefore, unlike bFGF, VEGF can be secreted by intact cells. Second, its high-affinity 
binding sites, shown to include the tyrosine kinase receptors Flt-1 and Flt-1/KDR are present on 
endothelial cells. Ferrara, et al., Biochem. Biophys. Res. Commun., 161:851-855 (1989) and Conn, et 
al., Proc. Natl. Acad. Sci. USA, 87:1323-1327 (1990). (Interaction of VEGF with lower affinity 
binding sites has been shown to induce mononuclear phagocyte chemotaxis). Shen, et al., Blood, 
81:2767-2773 (1993) and Clauss, et al., J. Exp. Med., 172:1535-1545 (1990). 

Evidence that VEGF stimulates angiogenesis in vivo had been developed in experiments performed on 
rat and rabbit cornea (Levy, et al., Growth Factors, 2:9-19 (1989) and Connolly, et al., J. Clin. Invest., 
84:1470-1478 (1989)), the chorioallantoic membrane (Ferrara, et al., Biochem Biophys Res 
Commun., 161:851-855 (1989)), and the rabbit bone graft model. Connolly, et al., J. Clin. Invest., 
84:1470-1478 (1989). 

Preferably, the angiogenic protein contains a secretory signal sequence that facilitates secretion of the 
protein from the arterial cell. Angiogenic proteins having native signal sequences, e.g., VEGF, are 
preferred. Angiogenic proteins that do not have native signal sequences, e.g., bFGF, can be modified 
to contain such sequences using routine genetic manipulation techniques. See, Nabel et al., Nature 
362:844 (1993). 

The nucleotide sequence of numerous peptides and proteins, including angiogenic proteins, are readily 
available through a number of computer data bases, for example, GenBank, EMBL and Swiss-Prot. 
Using this information, a DNA segment encoding the desired may be chemically synthesized or, 
alternatively, such a DNA segment may be obtained using routine procedures in the art, e.g, PCR 
amplification. 

To simplify the manipulation and handling of the DNA, prior to introduction to the arterial cell, the 
DNA is preferably inserted into a vector, e.g., a plasmid vector such as pUCl 18, pBR322, or other 
known plasmid vectors, that includes, for example, an E. Coli origin of replication. See, Sambrook, et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory press, (1989). The 
plasmid vector may also include a selectable marker such as the .beta. -lactamase gene for ampicillin 
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resistance, provided that the marker polypeptide does not adversely effect the metabolism of the 
organism being treated. Additionally, if necessary, the DNA may be operably linked to a 
promoter/enhancer region capable of driving expression of the protein in the arterial cell. An example 
of a suitable promoter is the 763 -base-pair cytomegalovirus (CMV) promoter. Normally, an enhancer 
is not necessary when the CMV promoter is used. The RSV and MMT promoters may also be used. 
Certain proteins can expressed using their native promoter. 

If desired, the DNA may be used with a microdelivery vehicle such as cationic liposomes and 
adenoviral vectors. For a review of the procedures for liposome preparation, targeting and delivery of 
contents, see Mannino and Gould-Fogerite, Bio Techniques, 6:682 (1988). See also, Feigner and 
Holm, Bethesda Res. Lab. Focus, 1 1(2):21 (1989) and Maurer, R. A., Bethesda Res. Lab. Focus, 1 1 
(2):25 (1989). Replication-defective recombinant adenoviral vectors, can be produced in accordance 
with known techniques. See, Quantin, et al., Proc. Natl. Acad. Sci. USA, 89:2581-2584 (1992); 
Stratford-Perricadet, et al., J. Clin. Invest, 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143-155 
(1992). 

In certain situations, it may be desirable to use DNA's encoding two or more different proteins in 
order optimize the therapeutic outcome. For example, DNA encoding two angiogenic proteins, e.g., 
VEGF and bFGF, can be used, and provides an improvement over the use of bFGF alone. Or an 
angiogenic factor can be combined with other genes or their encoded gene products to enhance the 
activity of targeted cells, while simultaneously inducing angiogenesis, including, for example, nitric 
oxide synthase^ L-argine, fibronectin, urokinase, plasminogen activator and heparin. 

The hydrophilic polymer is selected to allow incorporation of the DNA to be delivered to the arterial 
cell and its release when the hydrophilic polymer contacts the arterial cell. 

Preferably, the hydrophilic polymer is a hydrogel polymer, a cross-linked polymer material formed 
from the combination of a colloid and water. Cross-linking reduces solubility and produces a jelly-like 
polymer that is characterized by the ability to swell and absorb liquid, e.g., that containing the DNA. 
Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. Preferred hydrogels are polyacrylic acid 
polymers available as HYDROPLUS (Mansfield Boston Scientific Corp., Watertown, Mass.) and 
described in U.S. Pat. No. 5,091,205. 

The nucleic acid in aqueous solution is incorporated into the hydrophilic polymer to form a nucleic 
acid-hydrophilic polymer composition. The nucleic acid is incorporated without complexing or 
chemical reaction with the hydrophilic polymer, and is preferably relatively freely released therefrom 
when placed in contact with the arterial cells. The resulting structure comprises a support, e.g. the 
balloon of the balloon catheter, on which is mounted the hydrogeL in or on which is incorporated the 
desired DNA and its associated vehicle, e.g., phage or plasmid vector. The hydrophilic polymer is 
preferably adhered to the support, so that after application of the DNA to the target cells, the 
hydrophilic polymer is removed with the support. 

An arterial cell is contacted with the nucleic acid-hydrophilic polymer composition by any means 
familiar to the skilled artisan. The preferred means is a balloon catheter having the hydrophilic polymer 
on its outer surface, which permits the contact between the hydrophilic polymer bearing the nucleic 
acid to be transferred and the arterial cells to be made with some pressure, thus facilitating the transfer 
of the nucleic acid to the cells. However, other supports for the hydrophilic polymer are also useful, 
such as catheters or solid rods having a surface of hydrophilic polymer. Preferably, the catheters or 
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rods or other substrates which are flexible, to facilitate threading through the arteries to reach the 
point of intended application. For cells that are not in tubular arteries, other types of catheters, rods or 
needles may be used. 

When a hydrophillic arterial balloon is used, it is not necessary to protect the balloon prior to inflation, 
since relatively little of the nucleic acid is lost in transit to the treatment site until the balloon is inflated 
and the hydrophilic polymer bearing the nucleic acid is pressed against the arterial cells. When 
hydrophilic polymer-surfaced catheters or rods are used as the vehicle or substrate, the surface can 
protected, e g. by a sheath, until the point of intended application is reached, and then the protection 
removed to permit the hydrophilic polymer bearing the nucleic acid to contact the arterial cells. 

The vehicle, be it arterial balloon, catheter, flexible rod or other shaped vehicle, can be furnished with 
means to assist in accurate placement within the intended body cavity. For example, it can be furnished 
with a radioactive element, or made radio-opaque, furnished with means permitting easy location using 
ultrasound, etc. 

Preferably, the nucleic acid-hydrophilic composition contacts the arterial cell by means of a catheter. 
The catheter is preferably a balloon catheter constructed for insertion in a blood vessel and has a 
catheter shaft and an expandable dilation balloon mounted on the catheter shaft. At least a portion of 
the exterior surface of the expandable portion is defined by a coating of a tenaciously adhered 
hydrophilic. Incorporated in the hydrophilic polymer is an aqueous solution of the DNA to be 
delivered to the arterial cells. 

In general when dry, the hydrophilic polymer (preferably hydrogel) coating is preferably on the order 
of about Ho 10 microns thick, with a 2 to 5 micron coating typical. Very thin hydrogel coatings, e.g., 
of about 0 2-0 3 microns (dry) and much thicker hydrogel coatings, e.g., more than 10 microns (dry), 
are also possible. Typically, hydrogel coating thickness may swell by about a factor of 2 to 10 or more 
when the hydrogel coating is hydrated. 

Procedures for preparing a balloon with a hydrogel coating are set forth in U.S. Pat. No. 5,304,121, 
the disclosure of which is incorporated herein by reference. 

A' representative catheter is set forth in FIG. 6. Referring to FIG. 6, 1 is the wall of the blood vessel. 
The figure shows the catheter body 2 held in place by the inflation of an inflation balloon 3. The 
balloon comprises a hydrogel coating 4 incorporating DNA 5. 

In use the DNA, for example, is applied ex vivo to the hydrophilic polymer coating of the balloon. To 
facilitate application, the balloon may be inflated. If necessary, the polymer may be dried with warm 
air and the DNA application repeated. The amount of DNA to be applied to the arterial surface 
depends on the purpose of the DNA and the ability of the DNA to be expressed in the arterial cells. 
Generally the amount of naked DNA applied to the balloon catheter is between about 0.1 and 
100 mu g/mm sup.2, more preferably between about 0.5 and about 20 .mu.g/mm.sup.2, most 
oreferabiv between about 1.5 and about 8 .mu.g/mm.sup.2. Preferably, between 0.5 mg and 5 mg of 
DNA are applied to the hydrogel coating of a balloon catheter having an inflated lateral area of about 
630 mm sup 2 (e g , a balloon catheter having an inflated diameter of about 5 mm and a length of 
about40mm) providing a surface having about 0.8 to about 8 .mu.g/mm.sup.2 of DNA when the 
balloon is inflated and contacts the interior of the artery. More preferably, between 1 mg and 3 mg of 
DNA are applied to the polymer, providing a DNA loading of about 1 .6 to about 4.8 .mu.g/mm.sup.2. 
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The catheter is inserted using standard percutaneous application techniques and directed to the desired 
location, e g an artery perfusing the target tissue. For example, in the treatment of patients with 
occlusive peripheral arterial disease (PAD), the balloon is directed towards an artery of the leg, e.g., 
lilac Once the balloon has reached its desired location, it is inflated such that the hydrogel coating of 
the balloon contacts the arterial cells located on the walls of the artery and remains inflated for a time 
sufficient to allow transfer of the DNA encoding the angiogenic protein from the hydrogel to the 
arterial cells Preferred periods of balloon inflation range from 30 seconds to 30 minutes, more 
preferably 1 minute to 5 minutes. Surprisingly, that is normally sufficient time to permit transfer of the 
DNA by the method of the present invention. 

Once transferred the DNA coding for the desired therapeutic polypeptide is expressed by the arterial 
cells for a period'of time sufficient for treatment of the condition of interest. Because the vectors 
containing the DNA of interest are not normally incorporated into the genome of the cells, however, 
expression of the protein of interest takes place for only a limited time. Typically, the therapeutic 
protein is only expressed in therapeutic levels for about two days to several weeks, preferably for 
about 1-2 weeks Reapplication of the DNA can be utilized to provide additional periods of expression 
of the therapeutic polypeptide. If desired, use of a retrovirus vector to incorporate the heterologous 
DNA into the genome of the arterial cells will increase the length of time during which the therapeutic 
polypeptide is expressed, from several weeks to indefinitely. 

In one preferred application, the DNA-hydrogel polymer composition can be used to deliver a DNA 
encoding an angiogenic protein to an arterial cell in an artery or blood vessel perfusing the target 
tissue Expression of the angiogenic protein and its secretion from the arterial cell induces 
aneiogenesis i e the formation of new blood vessels, in target tissues perfused by the artery or blood 
vessels allowing for the treatment of diseases associated with vascular occlusion such as limb 
ischemia, ischemic cardiomyopathy, myocardial ischemia, cerebral ischemia and portal hypertension. 

The present invention makes genetic treatment possible which can correct heretofore incorrectable 
problems. 

The present invention is further illustrated by the following examples. These examples are provided to 
aid in the understanding of the invention and are not construed as a limitation thereof. 

EXAMPLE 1 

Direct Gene Transfer with Hydrogel Polymer Balloon Catheter Applied to an Angioplasty Catheter 
Balloon Can be Used to Effect Direct Gene Transfer to the Arterial Wall. 

DNA solution was applied to the surface of an angioplasty catheter balloon with a hydrogel polymer 
fmarketed under the mark Slider.TM. with Hydroplus.RTM. by Mansfield Boston Scientific Corp., 
wSertown. Mass.). The catheter was constructed with a single polyethylene balloon, 2.0 mm in 
diamrterand 2.0 cm in length. The Hydroplus.RTM. coating consists of a hydropnihc polyacryhc acid 
noWmer crosslinked via an isocyanate onto the balloon to form an ulfra-high molecular weight 
hvS with tight adherence to the balloon surface. The thickness of the hydrogel coating when dry 

Z !S, hetween 3-5 mu nv upon exposure to an aqueous environment, the coating swells to 2-3 
5 iSl^ry ess. In order to apply DNA to the catheter, the balloon was inflated to 4 

Z m\^^ 20 of DNA solution were Pip6tted * iStnhUt ? °?° ? 6 bdl00n ^ 
us?ne a sterile pipette tip. After the balloon's hydrogel polymer was covered with a homogeneous film 

of DNA solution the hydrogel was dried with warm air. The above procedure was then repeated, 

resulting in a total of 40 mu.l of DNA solution applied to the balloon. 
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For percutaneous application, luciferase DNA concentration was 3.27 .mu.g/.mu.l. DNA was 
dissolved in TE buffer (10 mM Tris, 1 mM EDTA). 

(Attempts were made to apply DNA solution to standard uncoated balloons as well. The hydrophobic 
surface of the polyethylene balloon, however, made it impossible to cover the balloon with a film of 
DNA solution.) 

To determine the total amount of DNA which is successfully absorbed onto the balloon surface, 5 
hydrogel balloons were coated with 40 .mu.l DNA (2 mu.g DNA/.mu.l) containing a small amount 
of sup 35 S-labeled luciferase plasmid. (Levy, et al., Growth Factors, 2:1535-1545 (1990)). A 
random primed DNA labeling kit (United States Biochemical, Cleveland, Ohio) was used for the 
labeling reaction an unincorporated nucleotides were remove by ethanol precipitation. After the 
coating procedure, the catheter tip was placed in 0.5 ml water for 15 minutes at room temperature, 
and 1 0 ml gel solubilizer (Solvable,. TM. New England Nuclear, Boston, Mass.) for 3 hours at 
50 degree. C. to dissolve the gel before the scintillation fluid was added. The amount of DNA on the 
balloon was calculated from the quotient: [counts per minute (cpm) in a scintillation vial containing the 
balloon]/[cpm in a vial containing 40 .mu.l of the same lot of labeled DNA (80 .mu.g)]. Scintillation 
counts were corrected for quench and chemiluminescence. 

After coating hydrogel balloons with 40 .mu.l of DNA solution (containing 80 .mu g of radiolabeled 
DNA) and drying the gel, the magnitude of DNA retained on the hydrogel balloon was determined by 
comparing the amount of radioactivity on the balloons to the amount of radioactivitym 40 .mu.l of the 
original radiolabeled DNA solution. Scintillation counting revealed that 97 +-.2% (n=5) of the 
radioactively labeled DNA remained on the hydrogel coated balloon, corresponding to 78.+-. 1.5 .mu g 
of luciferase DNA. 



Reporter Genes 

The firefly luciferase gene and the gene for nuclear-specific .beta.-galactosidase (.beta.-gal) were used 
as reporter genes to monitor the results of the transfection procedures. The luciferase expression 
vector dRSVLUC (courtesy of Dr. Allen Brasier, Massachusetts General Hospital, Boston, Mass.), 
consist of a full length Photinus pyralis luciferase cDNA (pJD 204) (de Wet et al., 1987) inserted into 
a PGEM3-plasmid (Brasier et al. Biotechniques, 7: 1 1 16-1 122 (1989)), under the control of Rous 
sarcoma virus long terminal repeat (RSV-LTR) promoter. The pGSVLacZ vector contains the simian 
virus (SV40) large tumor nuclear location signal fused to the lacZ gene (nls .beta.-gal) (Bonnerot et 
al Proc Natl Acad. Sci. U.S.A., 84:6795-6799 (1987)) (gift from Dr. Claire Bonnerot, Institut 
Pasteur Paris France), inserted into a pGEMl -plasmid. Nuclear staining identifies the exogenous 
construct designed to permit nuclear translocation, and thus distinguishes expression of the transgene 
from endogenous (cytoplasmic) .beta.-gal activity. Previous concerns (Lim et al., Circulation, 
832007-201 1 (1991)) regarding nonspecificity of blue staining resulting from .beta.-gal are thus 
eliminated. 

Analysis of Luciferase Activity 

The magnitude of gene expression was determined by measuring luciferase activity as described 
oreviously (Leclerc et al., J. Clin. Invest., 90:936-944 (1992)) using the Luciferase Assay System 
fProme*L Madison, Wis.). Briefly, frozen arteries were homogenized and dissolved in 30CKmu.l of 
Cell CuHure Lysis Reagent (Promega) containing 1 mg/ml bovine serum albumin. Three different 20- 
inu 1 aliquots prepared from each transfected specimen were mixed in a sample tube with 100 mu.l of 
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Luciferase Assay Reagent (Promega, Madison, Wis.) and inserted into a luminometer (Model 20e, 
Turner Design, Sunnyvale, Calif.) that reports results on a scale established to yield as low as lO.sup.- 
3 Turner light units (TLU). The specimen's total luciferase activity was calculated from the mean of 
the three aliquots analyzed. The luciferase values were in the linear range of a standard curve derived 
from samples with a known amount of luciferase (Sigma, St. Louis, Mo., catalogue #L9009). The 
lyophilized luciferase was, according to the manufacturer's instructions, dissolved in sterile water and 
further diluted in Cell Culture Lysis Reagent with 1 mg/ml bovine serum albumin. The following 
equation was used to convert TLU into pg luciferase: Luciferase [pg]=-0. 08+0.051 TLU. Using this 
formula, 100 TLU corresponds to 5.0 pg of luciferase. It must be noted that the specific activity of 
luciferase standards from different vendors can vary considerably (Wolff, et al., Biotechniques, 
1 1 474-485 (1991)); therefore, direct comparisons of luciferase reported by different groups must be 
made with caution, especially when the origin of the standard used is not specified. 

Percutaneous Transfection 

Percutaneous gene transfer experiments with the luciferase gene were performed in 13 rabbits using a 
catheter with a balloon to which a 20 .mu.m hydrogel coating had been applied and which was 
advanced through a 5 F teflon sheath. The balloon was advanced beyond the distal tip of the sheath, 
coated with 130 .mu.g luciferase DNA, and pulled back into the sheath to protect the balloon from 
subsequent contact with blood. The sheath and the angioplasty catheter were then introduced via the 
right carotid artery and advanced to the left common lilac artery under fluoroscopic control. The 
balloon catheter was advanced 2 cm further (beyond the distal sheath tip) into the external lilac artery 
and inflated there for 1 or 5 min. Following balloon deflation, the catheter system was removed. In 10 
animals the transfected external lilac artery as well as the contralateral control artery were removed 3 
days later weighed, and assayed for luciferase activity. In 3 additional animals, which had been 
transfected for 5 min. only, the arteries were excised 14 days after gene transfer. In these 3 animals we 
also removed the left femoral artery to check for luciferase expression directly downstream of the 
transfected segment. 

Results 

Luciferase expression was detected in all 10 (100%) percutaneously transfected arteries excised after 3 
days, whether inflated for 5 min (386.+-.299 TLU, n=5) or 1 min (1 13.+-.59 TLU, n=5). 

Three additional animals, in which balloons were inflated for 5 min only, were sacrificed after 14 days. 
Individual luciferase expression was 1 52.6, and 16 TLU, respectively (mean=58.+-.47 TLU). In this 
series we also measured luciferase in the adjacent femoral artery, which was not inflated. Luciferase 
expression in all these arteries was ^distinguishable from background activity (mean 0.04.+-.0.29 
TLU). 

The findings demonstrate that endoluminal vascular gene transfer can be achieved successfully and 
consistently with pure DNA applied to a standard angioplasty catheter balloon coated with hydrogel 
Dolvmer The hydrogel provides the absorbable medium to which one may apply a solution of pure 
DN A Drying of the gel results in a layer of concentrated DNA which is then transferred to the artenal 
wall as the balloon contacts the arterial wall coincident with balloon inflation. Experiments with 
radiolabeled DNA established that 97% of DNA applied in aqueous solution to the hydrogel-coated 
balloon was still present on the balloon after drying of the gel. Autoradiograms of the artenal wall 
demonstrated that inflation of the hydrogel balloon results in DNA uptake which is distributed across 
the full thickness of the arterial wall. DNA was shown to penetrate the intact internal elastic lamina 
and was distributed intracellularly as well as extracellularly. 
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Despite elimination of acoessoiy transfection vehicles in this example, both the frequency of successful 
transfection and the magnitude of reporter gene expression achieved were superior to that previously 
reported from our laboratory (Leclerc, et at, J. Clin Invest., 90:936-944 (1992)) and comparable to 
the results achieved by others (Chapman, et al., Circ. Res., 71:27-33 (1992) and Lim, et al., 
Circulation 83:2007-201 1 (1991)) using alternative delivery schemes. The success rate of transfection 
in our rabbit model as measured by expression of the luciferase transgene was 100% (37 of 37 artery 
segments) even in those cases in which the inflation time was reduced to one minute. The duration of 
inflation within a range from 10 to 30 minutes did not have significant impact on transfection 
efficiency, a feature which would be expected to facilitate human arterial, particularly coronary, gene 
transfer. 

EXAMPLE 2 

Induction of Angiogeneses In Vivo 
Methods 

Animal Model (FIG. 1). 

The angiogenic response to transfection of the gene for vascular endothelial growth factor (VEGF) 
was investigated using a rabbit ischemic hindlimb model. Takeshita, et al., J. Clin. Invest., 93 :662-670 
H994) and Pu et al., J. Invest Surg., (In Press). All protocols were approved by St. Elizabeth's 
Institutional Animal Care and Use Committee. Male New Zealand White rabbits weighing 4-4 5 kg 
(Pine Acre Rabbitry Norton, Mass.) were anesthetized with a mixture of ketamme (50 mg/kg) and 
acepromazine (0 8 mg/kg) following premedication with xyazine (2.5 mg/kg). A longitudinal incision 
was then performed, extending inferiorly from the inguinal ligament to a point just proximal to the 
oatella The limb in which the incision was performed-right versus left-was determined at random at 
the time of surgery by the surgeon. Through this incision, using surgical loops, the femoral artery was 
dissected free along its entire length; all branches of the femoral artery, including the inferior 
eoieastric deep femoral, lateral circumflex and superficial epigastric arteries, were also dissected free. 
After further dissecting the popliteal and saphenous arteries distally, the external lilac artery as well as 
all of the above arteries were ligated. Filially, the femoral artery was completely excised from its 
™>ximal origin as a branch of the external lilac artery, to the point distally where it bifurcates into the 
Lhenous and popliteal arteries. Once the femoral artery is excised, thrombotic occlusion of the 
Sternal lilac artery extends retrograde to its origin from the common hlac (FIG. 1(a), arrow). As a 
^kTttie blood supply to the distal limb is dependent on the collateral arteries which may onginate 
rSm the internal lUac artery. Accordingly, direct arterial gene transfer of VEGF was performed in to 
the internal lilac artery of the ischemic limb. Postoperatively, all animals were closely monitored. 
Malgesia (levorphanol tartrate 60 mg/kg, Roche Laboratories, Nutley NJ.) was administered 
subcutaneously as required for evidence of discomfort throughout the duration of the experiment. 
Prophylactic antibiotics (enrofloxacin 2.5 mg/kg, Miles, Shawnee Mission, Kans.) was also 
administered subcutaneously for a total of 5 days post-operatively. 

Plasmids and Smooth Muscle Cell (SMC) Transfection in Vitro. 

ComDlementary DNA clones for recombinant human VEGF.sub. 165, isolated from cDNA libraries 
nreZed from HL60 leukemia cells, were assembled into a mammdian expression vector containing 
Komegdovirus promoter. Leung, et al., Science, 246:1306-1309 (1989)^ The > biotogical activity 
of V^GFsub.165 secreted from cells transfected with this construct (phVEGF.sub. 165) was 
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previously confirmed by the evidence that media conditioned by transfected human 293 cells promoted 
the proliferation of capillary cells. Leung, et at, Science, 246:1306-1309 (1989). 

To evaluate expression of phVEGF.sub. 165 in vascular cells, rabbit arterial smooth muscle cells 
(SMCs) were transfected in vitro. Cells were cultured by explant outgrowth from the thoracic aorta of 
New Zealand White rabbits. The identity of vascular SMCs was confirmed morphologically using 
phase contrast microscopy and by positive immunostaining using a monoclonal antibody to smooth 
muscle alpha.-actin (Clone 1 A4, Sigma, St. Louis, Mo.). Cells were grown in the media (M199, 
GIBCO BRL Gaithersberg, Md.) supplemented with 10% fetal bovine serum (FBD, GIBCO BRL). In 
vitro transfection was performed by incubating SMCs (1.48.times.l0.sup.6 cells/10 cm plate) with 
115 mug of the plasmid DNA and 70 .mu.g of liposomes (Transfection-reagent, Boehringer 
Mannheim Indianapolis, Ind.) as previously described. Pickering, et al., Circulation, 89:13-21 (1994). 
After completion of transfection, media was changed to 10% FBS. Culture supernatant was sampled 
at 3 days pot-transfection, and was analyzed by ELISA assay for VEGF protein. Houck, et al., J. Biol. 
Chem. 267:26031-26037 (1992). 

The plasmid pGSVLacZ (courtesy of Dr. Claire Bonnerot) containing a nuclear targeted .beta.- 
galactosidase sequence coupled to the simian virus 40 early promoter (Bonnerot, et al., Proc. Natl. 
Acad. Sci. USA, 84:6795-6799 (1987)) was used for all the control transfection experiments. 

Percutaneous Arterial Gene Transfer in Vitro. 

An interval of 10 days between the time of surgery and gene transfer was allowed for post-operative 
recovery of rabbits and development of endogenous collateral vessels. Beyond this time-point, studies 
performed up to 90 days post-operatively (Pu, et al., J. Invest. Surg., (In Press)) have demonstrated 
no significant collateral vessel augmentation. At 10 days post-operatively (day 0), after performing a 
baseline angiogram (see below), the internal lilac artery of the ischemic limb of 8 animals was 
transferred with phVEGF.sub. 165 percutaneously using a 2.0 mm hydrogel-coated balloon catheter 
(Slider TM with HYDROPLUS, .RTM. Boston Scientific, Watertown, Mass.). The angioplasty 
balloon was prepared (ex vivo) by first advancing the deflated balloon through a 5 Fr. teflon sheath 
(Boston Scientific), applying 400 .mu.g of phVEGF.sub. 165 to the 20 .mu.m-thick later of hydrogel 
on the external surface of the inflated balloon, and then retracting the inflated balloon back into Uie 
protective sheath. The Sheath and angioplasty catheter were then introduced via the nght carotid 
artery and advanced to the lower abdominal aorta using a 0.014 inch guidewire (Hi-Torque Floppy IL 
Advanced Cardiovascular Systems, Temecula, Calif.) under fluoroscopic guidance The balloon 
catheter was then advanced out of the sheath into the internal lilac artery of the ischemic limb, inflated 
for 1 min at 6 atmospheres, deflated, and withdrawn (FIG. 1(a), open arrowy An identical protocol 
was employed to transfect the internal iliac artery of 9 control animals with the plasmid pGSVLacZ 
wntaimng a nuclear targeted .beta.-galactosidase sequence. Heparin was not administered at the time 
of transfection or angiography. 

Evaluation of Angiogenesis in the Ischemic Limb. 

Development of collateral vessels in the ischemic limb was serially evaluated by calf blood pressure 
measurement and internal lilac arteriography immediately prior to transfection (day 0) and then m 
serial fashion at days 10 and 30 post-transfection. On each occasion, it was necessary to lightly 
anesthetize the animal with a mixture of Ketamine (10 mg/kg) and acepromazine (0. 16 mgfrtf 
Lowing premedication with xyazine (2.5 mg/kg). Following the final 30-day follow-up, the animal 
was sacrificed, and tissue sections were prepared from the hindlimb muscles in order to perform 
analysis of capillary density. These analyses are discussed in detail below. 
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Calf Blood Pressure Ratio. 

Calf blood pressure was measured in both hindlimbs using a Doppler Flowmeter (Model 1050, Parks 
Medical Electronics, Aloha, Oreg.), immediately prior to transfection (day 0), as well as on days 10 
and 30. On each occasion, the hindlimbs were shaved and cleaned; the pulse of the posterior tibial 
artery was identified using a Doppler probe; and the systolic pressure of both limbs was determined 
using standard techniques. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). The calf blood 
pressure ratio was defined for each rabbit as the ratio of systolic pressure of the ischemic limb to 
systolic pressure of the normal limb. 

Selective Internal Iliac Arteriography. 

Collateral artery development in this ischemic hindlimb model originates from the internal lilac artery. 
Accordingly, selective internal lilac arteriography was performed on day 0 (immediately prior to 
transfection), and again on days 10 and 30 post-transfection as previously described. Takeshita, et al., 
J. Clin. Invest., 93:662-670 (1994). A 3 Fr. end-hole infusion catheter (Tracker- 18, Target 
Therapeutics, San Jose, Calif.) was introduced into the right common carotid artery through a small 
cutdown, and advanced to the internal lilac artery at the level of the interspace between the seventh 
lumbar and the first sacral vertebrae. Following intra-arterial injection of nitroglycerin (0.25 mg, 
SoloPak Laboratories, Franklin Park, 111.), a total of 5 ml of contrast media (Isovue-370, Squibb 
Diagnostics, New Brunswick, N.J.) was then injected using an automated angiographic injector 
(Medrad, Pittsburgh, Pa.) programmed to reproducibly deliver a flow rate of 1 ml per sec. Serial 
images of the ischemic hindlimb were then recorded on 105-mm spot film at a rate of 1 film per sec for 
at least 10 sec. Following completion of arteriography, the catheter was removed and the wound was 
closed. All of the above-described procedures were completed without the use of heparin. 

Morphometric angiographic analysis of collateral vessel development was performed as previously 
described. Takeshita, et al., J. Clin. Invest., 93 :662-670 (1994). A composite of 5-mm.sup.2 grids was 
placed over the medical thigh area of the 4-sec angiogram. The total number of grid intersections in 
the medical thigh area, as well as the total number of intersections crossed by a contrast-opacified 
artery were counted individually by a single observer blinded to the treatment regimen. An 
angiographic score was calculated for each film as the ratio of grid intersections in the medial thigh. 

Capillary Density and Capillary/Myocyte Ratio. 

The effect of VEGF gene transfer upon anatomic evidence of collateral artery formation was further 
examined by measuring the number of capillaries in light microscopic sections taken from the ischemic 
hindlimbs Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). Tissue specimens were obtained as 
transverse sections from the ischemic limb muscles at the time of sacrifice (day 30 post-transfection). 
Muscle samples were embedded in O.C.T. compound, (Miles, Elkhart, Ind.) and snap-frozen in liquid 
nitrogen Multiple frozen sections (5 .mu.m in thickness) were then cut from each specimen on a 
cryostat (Miles), so that the muscle fibers were oriented in a transverse fashion, and two sections then 
placed on glass slides. Tissue sections were stained for alkaline phosphate using an indoxyl- 
tetrazolium method to detect capillary endothelial cells (Ziada, et al., Cardiovasc. Res., 18:724-732 
(1984)) and were then counterstained with eosin. Capillaries were counted under a 20x objective to 
determine the capillary density (mean number of capillaries per mm.sup.2). A total of 20 different 
fields was randomly selected, and the number of capillaries counted. To ensure that analysis of 
capillary density was not overestimated due to muscle atrophy, or underestimated due to interstitial 
edema, capillaries identified at necropsy were also evaluated as a function of myocytes in the 
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histologic section. Hie counting scheme used to compute the capillaiy/myocyte ratio was otherwise 
identical to that used to compute capillary density. 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR), Southern Blot Analysis, and 
Sequencing of RT-PCR Product. 

The presence of human VEGF mRNA was detecting using RT-PCR. Arterial samples were obtained 
at 5 days post-transfection, and total cellular RNA was isolated using TRI REAGENT (Molecular 
Research Center, Cincinnati, Ohio) according to the manufacturer's instructions. Extracted RNA was 
treated with DNase I (0.5 .mu.l, 10 U/.mu.l, RNase-free, Message Clean kit, GenHunter, Boston, 
Mass.) at 37 degree. C. for 30 rnin to eliminate DNA contamination. The yield of extracted RNA was 
determined spectrophotometrically by ultraviolet absorbance at 260 nm. To check that the RNA was 
not degraded and electrophoresed through a 1% non-denaturing miniagarose gel. 0.5 mu.g of each 
RNA sample was used to make cDNA in a reaction volume of 20 .mu.l containing 0.5 mM of each 
deoxynucleotide triphosphate (Pharmacia, Piscataway, N.J.), 10 mM dithiothreitol, 10 units of RNasin 
(Promega, Madison, Wis.), 50 mM Tris-HCI (pH 8.3), 75 mM KCL, 3 mM MgCl.sub.2, 1 .mu.g 
random hexanucleotide primers (Promega), and 200 units of M-MLV reverse transcriptase (GIBCO 
BRL). For greater accuracy and reproducibility, master mixes for a number of reactions were made up 
and aliquoted to tubes containing RNA. Reactions were incubated at 42.degree. C. for 1 hr, then at 
95 degree. C. for 5 min to terminate the reaction. Twenty .mu.l of diethyl pyrocarbonate (DEPC) 
water was then added and 5 mu.l of the diluted reaction (l/8th) was used on the PCR analysis. The 
optimized reaction in a total volume of 20 .mu.l contained 0.2 mM of each deoxynucleotide 
triphosphate, 3 mM MgCl.sub.2, 2 .mu.l PCR II buffer (Perkin-Elmer, Norwalk, Conn.; final 
concentrations, 50 mM KCL, 10 mM Tris-HCL), 5 ng/.mu.l (13.77 pmoles) of each primer, and 0.5 
units of AmpliTaq DNA polymerase (Perkin-Elmer). The PCR was performed on a 9600 PCR system 
(Perkin-Elmer) using microamp 0.2. ml thin-walled tubes. Amplification was for 40-45 cycles of 
94.degree. C. for 20 sec, 55.degree. C. for 20 sec, and 72.degree. C. for 20 sec, ending with 5 min at 
72.degree. C. To test for false positives, controls were included with no RNA and no reverse 
transcriptase. A pair of oligonucleotide primers (22 mers) was designed to amplify a 258 bp sequence 
from the mRNA of human VEGF. To ensure specificity and avoid amplification of endogenous rabbit 
VEGF each primer was selected from a region which is not conserved among different species. 
Sequences of primers used were: 5'-GAGGGCAGAATCATCACGAAGT-3' (sense) SEQ. ID NO:l ; 
5'-TCCTATGTGCTGGCCTTGGTGA-3' (antisense) SEQ. ID NO:2. RT-PCR products were 
transferred from agarose gels to nylon membranes (Hybond, Amersham, Arlington Heights, 111.). The 
probe was 5' end-labelled with T4 polynucleotide kinase and [.beta.-.sup.32 P]ATP (Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, (1989)) and 
hybridized to the nylon filters using Rapid Hybridization buffer (Amersham) according to 
manufacturer's instructions. To visualize hybridized bands, filters were exposed to X-ray film (Kodak 
Xar-5). 

To confirm the identity of VEGF PCR products. DNA bands were excised from agarose gels, purified 
using Geneclean (BIO 101, La Jolla, Calif), and sequenced directly (i.e. without subcloning) using 
dsDNA Cycle Sequencing System (GIBCO BRL) following the directions of manufacturer. The two 
VEGF primers used for PCR were 5' end-labeled with [.beta.-.sup.32 P]ATP and T.sub.4 
polynucleotide kinase and used as sequencing primers to determine the sequence of both strands of the 
PCR product. 

beta.-Galactosidase Staining of Transfected lilac Arteries. 

To evaluate the efficiency of in vivo arterial gene transfer, .beta.-galactosidase activity was determined 
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by incubation of arterial segments with 5-bromo-4-chloro-3 -indolyi .beta.-D-galactosidase chromogen 
(X-Gall), Sigma) as previously described. Riessen, et al., Hum. Gene Then, 4:749-758 (1993). 
Following staining with X-Gal solution, tissues were paraffin-embedded, sectioned, and counterstained 
with nuclear fast red. Nuclear localized .beta.-galactosidase expression of the plasmid pGSVLacZ 
cannot result from endogenous .beta.-galactosidase activity; accordingly, histochemical identification 
of beta.-galactosidase within the cell nucleus was interpreted as evidence for successful gene transfer 
and gene expression. Cytoplasmic or other staining was considered non-specific for the purpose of the 
present study. 

Statistics. 

Results were expressed as means.+-. standard deviation (SD). Statistical significance was evaluated 
using unpaired Student's t test for more than two means. A value of p<0.05 was interpreted to denote 
statistical significance. 

Results 

ELISA Assay for VEGF. To test the expression of the plasmid phVEGF.sub. 165 in vascular cells, 
culture supernatant of VEGF-transfected SMCs (1.48.times.l0.sup.6 cells/10 cm plate) was sampled 
at 3 days post-transfection, and analyzed by ELSA for VEGF protein. The media of VEGF-transfected 
SMCs contained an average of 1.5 .mu.g of VEGF protein (n=3). In contrast, culture media of beta.- 
galactosidase-transfected SMCs (n=3) or non-transfected SMCs (n=3) did not contain detectable 
levels of VEGF protein. 

RT-PCR, Southern Blot Analysis, and Sequencing of RT-PCR Product. 

To confirm expression of human VEGF gene in transfected rabbit lilac arteries in vivo, we analyzed 
transfected arteries for the presence of human VEGF mRNA by RT-PCR. As indicated above, to 
ensure the specificity of RT-PCR for human VEGF mRNA resulting from successful transfection 
(versus endogenous rabbit VEGF mRNA), primers employed were selected from a region which is not 
conserved among different species. Arteries were harvested at 5 days post-transfection. The presence 
of human VEGF mRNA was readily detected in rabbit SMC culture (n=3) and rabbit lilac arteries 
(n=3) transfected with phVEGF.sub. 165. Rabbit lilac arteries transfected with pGSVLacZ (n=3) were 
negative for human VEGF mRNA (FIG. 2(a)). Southern blot analysis was used to further confirm that 
the 1 58 bp bands obtained by RT-PCR did in fact correspond to the region between the two primers 
(FIG. 2(b)). Direct sequencing of the RT-PCR product document that this band represented the 
human VEGF sequence (FIG. 2(c)). 

Angiographic Assessment. 

The development of collateral vessels in the 5 rabbits transfected with phVEGF.sub. 165 and 6 rabbits 
transfected with pGSVLacZ was evaluated by selective internal lilac angiography. FIG. 3 illustrates 
representative internal lilac angiogram recorded from both control and VEGF-transfected animals. In 
control animals, collateral artery development in the medial thigh typically appeared unchanged or 
progressed only slightly in serial angiogram recorded at days 0, 10, and 30 (FIGS. 3(a-c)). In contrast, 
in the VEGF-transfected group, marked progression of collateral artery was observed between days 
10 and 30 (FIGS. 3, (d-f)). Morphometric analysis of collateral vessel development in the media thigh 
was performed by calculating the angiographic score as described above. At baseline (day 0), there 
was no significant difference in angiographic score between the VEGF-transfected and control groups 
(day 0 0 17 +-.0.02 vs 0.20.+-.0.06, p=ns). By day 30, however, the angiographic score in VEGF- 
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transfected group was significantly higher that in control group (0.47.+-.0.09 vs 0.34.+-.0.10, p<0.05) 
(FIG. 4(a)). 

Calf Blood Pressure Ratio (FIG. 4(b)). 

Reduction of the hemodynamic deficit in the ischemic limb following VEGF-transfection was 
confirmed by measurement of calf blood pressure ratio (ischemic/normal limb). The calf blood 
pressure ratio was virtually identical in both groups prior to transfection (0.23.+-.0. 12 in VEGF- 
transfected animals, p=ns). By day 10 post-transfection, the blood pressure ration for VEGF- 
transfected rabbits was significantly higher than for the control rabbits (0.60.+-.0. 1 2 vs 0.32.+-.0. 14, 
p<0.01). At day 30, the blood pressure ratio for the VEGF-transfected group continued to exceed that 
of controls (0.70.+-.0.08 vs 0.50.+-.0. 18, p<0.05). 

Capillary Density and Capillary/Myocyte Ratio (FIGS. 4(c), 5). 

A favorable effect of VEGF-transfection upon revascularization was also apparent at the capillary 
level. The medial thigh muscles of the ischemic limbs were histologically examined at day 30 post- 
transfection. Analysis of capillary density disclosed a value of 233 .0. +-.60.9/mm.sup.2 in VEGF- 
transfected group versus 168.7.+-.31.5/mm.sup.2 in the control group (p<0.05). Analysis of 
capillary/myocyte ratio disclosed a value of 0.67.+-.0. 15 in the VEGF-transfected group versus 
0.48.+-.0.10 in the control group (p<0.05). 

beta.-Galactosidase Staining of Transfected Iliac Arteries. 

To evaluate the efficiency of in vivo arterial gene transfer, transfected lilac arteries were harvested at 5 
days post-transfection, and were used for .beta.-galactosidase histochemical analysis. In arteries 
transfected with nuclear targeted .beta.-galactosidase, evidence of successful transfection, indicated by 
dark blue nuclear staining, was observed in only<0.5% of total arterial cells. Arteries transfected with 
phVEGF.sub. 165 were negative for nuclear staining. 

EXAMPLE 3 

Comparison of Double-Balloon Catheter Technique and Hydrogel-Coated Balloon Catheter 
Technique 

Methods 

Recombinant Adenoviral Vectors 

Replication-defective recombinant adenoviral vectors, based on human adenovirus 5 serotype, were 
produced as previously described. Quantin, et al., Proc. Nat. Acad. Sci. USA, 89:2581-2584 (1992); 
Stratford-Perricaudet, et al., J. Clin. Invest., 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143- 
1 55 (1992). Ad-RSV.beta.gal contains the Escherichia coil lac Z gene and the SV40 early region 
nuclear localization sequence (nls). The nlslacZ gene encodes a nuclear-targeted .beta.-galactosidase 
under the control of the Rous sarcoma virus promoter. Ad-RSVmDys, used as a negative control, 
contains a human "minidystrophin" cDNA under the control of the same promoter. Ragot, et al., ' 
Nature, 361:647-650 (1993). 

In Vivo Percutaneous Gene Transfer Procedures 
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All animal procedures were approved by the Institutional Animal Care and Use Committees of Faculte 
Bichat and St. Elizabeth's Hospital. Gene transfer was performed in the external lilac artery of 29 New 
Zealand white rabbits under general anesthesia and sterile conditions. Anesthesia was induced with 
intramuscular acepromazine and maintained with intravenous pentobarbital. Adenoviral stocks were 
used within 30 minutes of thawing. 

1 . Double-balloon catheter technique. 

In 15 animals, Ad-RSV.beta.gal (2.10.sup.9 to 210.sup.10 plaque forming unites {pfu} in 2 ml PBS) 
was transferred to the right lilac artery, either normal (n=9) or previously denuded (n=6), using a 4 
French double-balloon catheter (Mansfield Medical, Boston Scientific Corp., Watertown, Mass.)-as 
previously described. Nabel, et al., Science, 244:1342-1344 (1989). The catheter was positioned in a 
segment of the artery which lacked angiographically visible side branches. The viral solution was 
maintained in contact with the arterial wall for 30 min. The left lilac artery of the same 15 animals was 
used as a control: in 7 animals no catheter was inserted, in 6 animals the endothelium was removed 
using balloon abrasion, and, in the 2 other animals, a double-balloon catheter was used in infuse Ad- 
RSVmDys (2. 10.sup.9 pfu in 2 ml PBS). 

2. Hydrogel-Coated Balloon Catheter Technique. 

In 14 animals, a hydrogel-coated balloon catheter was used (Slider.TM. with Hydroplus.RTM., 
Mansfield Medical, Boston Scientific Corp., Watertown, Mass.). The balloon diameter (either 2.5 or 
3 0 mm), was chosen to approximate a 1 .0 balloon/artery ratio based on caliper measurement of 
magnified angiographic frames. Ad-RSV.beta.gal (l-2.10.sup.10 pfu in 100 .mu.l PBS) was applied to 
the polymer-coated balloon using a pipette as described above. The catheter was introduced into the 
right femoral artery through a protective sheath, the balloon was inflated at 1 atm, and the assembly 
was then advanced over a 0.014" guide wire to the external lilac artery where, after balloon deflation, 
the catheter alone was advanced 2 cm further and the balloon inflated for 30 minutes at 6 atm 
(ensuring nominal size of the inflated balloon). The contralateral lilac artery was in each case used as a 
control: in 9 animals no catheter or virus was introduced, in 2 the endothelium was removed, while in 
3 a hydrogel-coated balloon catheter was used to transfer Ad-RSVmDys. 

Detection of lacZ Expression in the Arterial Wall. 

Three to seven days after transfection, the animals were sacrificed by pentobarbital overdose. To 
assess nlslacZ gene expression, the arteries were harvested and stained with X-Gal reagent (Sigma) for 
6 hours, at 32.degree. C, as previously described. Sanes, et al., EMBO J., 5:3133-3142 (1986). 
Samples were then either mounted in OCT compound (Miles Laboratories Inc., 111.) for cryosectioning 
or embedded in paraffin, cut into 6-.mu.m sections, and counterstained with hematoxylin and eosin or 
elastic trichrome. Expression of nlslacZ gene was considered positive only when dark blue staining of 
the nucleus was observed. To determine which cell types within the arterial wall expressed the 
transgene, immunohistochemical staining of X-Gal-stained arterial sections was performed, using a 
mouse monoclonal anti-.alpha.-actin primary antibody specific for vascular smooth muscle (HHF-35, 
Enzo Diagnostics, Farmingdale, N. Y.), and then a polyclonal peroxidase-labeled anti-mouse 
immunoglobulin G secondary antibody (Signet Laboratories, Dedham, Mass.). 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

For each transfected iliac artery, at least 2 samples were taken from the target-zone, and from each 
sample, at least 3 sections were examined by light microscopy after X-gal staining. Due to the 
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heterogeneity of beta.-galactosidase activity on gross examination, the percentage of transacted 
medial cells per artery section was determined in regions showing high .beta.-galactosidase activity by 
counting stained versus total nuclei. The total numbers of studied medial cells were 14. 10.sup.3 (n=50 
sections) in the double-balloon catheter and the hydrogel-coated balloon catheter groups respectively. 

Detection of Remote. sup. nlslacZ Gene Transfer and Expression. 

Tissue samples from liver, brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and 
arterial segments adjacent to the treated arterial site were harvested immediately after sacrifice. For 
each specimen, nlslacZ gene presence and expression were assessed by polymerase chain reaction 
(PCR) and histochemistry (X-gal staining) respectively. 

For PCR, genomic DNA was extracted from tissues by standard techniques. DNA amplification was 
carried out using oligodeoxynucleotide primers designed to selectively amplify Ad-RSV.beta.gal DNA 
over endogenous .beta.-galactosidase gene by placing one primer in the adenovirus sequence coding 
for protein 9 and the other primer in the lacZ sequence (5-AGCCCGTCAGTATCGGCGGAATTC- 
3' (SEQ ID NO:3) and 5'-CAGCTCCTCGGTCACATCCAG-3' (SEQ ID NO:4) respectively, Genset, 
Paris, France). The reactions were performed in a DNA thermocycler (GeneAmp PCR System 9600, 
Perkin Elmer Cetus, Norwalk, Conn.) following 2 different protocols: a hold at 95. degree. C. for 3 
min, 35 or 45 cycles of 95.degree. C. for 30 s, 65.degree. C. for 40 s, and 72 degree. C. for 1 min, 
then a final extension at 72.degree. C. for 5 min. When PCR was performed on plasmid DNA 
containing the nlslacZ gene used for the preparation of the adenoviral vector, or on positive liver 
samples obtained by deliberate systemic injection of Ad-RSV.beta.gal, the amplification reaction 
produced a 700 bp DNA fragment. To determine sensitivity of these procedures, DNA was extracted 
from liver of uninfected rabbits, aliquoted into several tubes, and spiked with dilutions of the plasmid 
containing the nlslacZ gene and used as a positive control. Following the amplification protocols 
described above, it was determined that the 35- or 45-cycle PCR could detect one copy of the nlslacZ 
gene in 3.102 and 3.104 cells respectively. DNA extractions and amplifications were performed 
simultaneously and in duplicate for studied tissues and positive controls. 

Each tissue sample was also processed for histochemical analysis following the same protocol 
described for the arteries. For each specimen, at least 3 different segments were obtained, embedded in 
paraffin, and cut into at least 5 sections. Sections were counterstained with hematoxylin and eosin, and 
examined by light microscopy for the presence of deep blue nuclei indicative of .beta.-galactosidase 
expression. The number of positive cells as well as the total number of cells were counted. The total 
number of cells examined per sample ranged from 25.10.sup.3 to 1 15.10.sup.3. 

Statistics 

Results are expressed as mean.+-.standard deviation (SD). Comparisons between groups were 
performed using Student's t test for unpaired observations. A value of p<0.05 was accepted to denote 
statistical significance. 

Results 

Histological and Histochemical Analyses of Transfected Arteries Following Double-Balloon Catheter 
Delivery 

Gross examination of all the arteries (n=15) following X-gal staining showed punctiform, 
heterogeneous, blue staining on the luminal aspect of the arteries, always limited to the area between 
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the two balloons. For the 9 normal arteries, microscopic elimination disclosed dark blue nuclear 
staining confined entirely to the endothelium. In contrast, when endothelial abrasion preceded 
transfection ( a =6), X-gal staining imparted a mottled appearance to the luminal aspect of the artery. In 
these cases, microscopic examination showed that the endothelium had been removed and that the site 
of X-gal staining was subjacent to the intact internal elastic lamina, involving sparse medial cells. The 
identity of the transfected medial cells as smooth muscle cells was confirmed by immunohistochemical 
staining with monoclonal anti-. alpha. -actin antibody. Control arteries showed no nuclear blue staining. 

Histological and Histochemical Analysis of Transfected Arteries Following Hydrogel-Coated Balloon 
Catheter Delivery 

Gross examination of all the arteries after X-gal staining (n=14) showed dark blue, heterogeneous 
staining of the transfected site with a sharp boundary between the transfected segment and the 
bordering proximal and distal segments. Microscopic examination showed no residual intact 
endothelium- the continuity of the internal elastic lamina, in contrast, appeared preserved without 
apparent disruption. In the areas showing evidence of .beta.-galactosidase activity on gross 
examination light microscopic examination revealed nearly continuous layers of cells with dark blue 
nuclear staining generally limited to the superficial layers of the media; occasionally, sparsely 
distributed cells from deeper layers of the media expressed the transgene as well. Staining with 
monoclonal anti-. alpha. -actin antibody confirmed that transfected cells were vascular smooth muscle 
cells. No evidence of nuclear .beta.-galactosidase activity was seen in control arteries. 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

The percentage of transduced cells per artery section in regions showing high .beta.-galactosidase 
activity was significantly higher in the hydrogel-coated balloon catheter group than in the double- 
balloon catheter group (6.1. +-.2.3% vs. 0.4.+-.0.6%, p<0.0001). 

Detection of Remote lacZ Gene Transfer and Expression in Other Organs 

In all animals of both groups, gross and microscopic examination of X-gal stained tissue samples from 
liver brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and arterial segments 
adjacent to the treated arterial site failed to show expression of nuclear-targeted .beto.-galactosidase 
Scent in the liver of one rabbit in the double-balloon catheter group which disclosed a hmited area of 
nuclear and peri-nuclear blue staining. In this area, less than 1/2 10.sup.3 cells expressed .beta.- 
aalactosidase. In a few macrophages limited to samples removed from the lungs and testes of one 
Keel-coated balloon catheter treated rabbit, blue staining of the cytoplasm without nuclear staining 
was observed- the exclusively cytoplasmic location of .beta.-galactosidase activity m these cases, 
however, suggested that staining resulted from endogenous .beta.-galactosidase. 

All of the above tissue samples were then screened by PCR. When the PCR was run for 35 cycles, the 
nresence of DNA sequence specific for Ad-RSV.beta.gal was non-detectable, including m tissue 
samples from those animals with the highest percentage of transfected lilac arterial cells. Using an 
Szed protocol of 45 cycles, however, PCR was positive in the single liver that was observed to 
express .beta.-galactosidase, but in none of the other tissues. 

This invention has been described in detail including the preferred embodiments thereof. However, it 
wUl be appreciated that those skilled in the art, upon consideration of this disclosure, ™ymake 
modSns and improvements thereon without departing from the spirit and scope of the invention 
as set forth in the claims. 
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New Arteries Grown In Diseased Hearts 

By William J. Cromie 
Gazette Staff 

Almost anything Hugh Curtis did gave him a pain in the heart. Even when lying in bed, he felt the 
stabbing chest pains of angina, a hurtful signal that his heart was not getting enough oxygen. 

Curtis underwent a quadruple bypass in 1986, then a single bypass late last year. Surgeons removed veins 
from his legs and grafted them onto his heart to bypass his blocked coronary arteries. But that didn't solve 
his problem. 

He also received a series of angioplasties, wherein tiny balloons were threaded into his heart's arteries, 
then inflated. This process pushed the blockages aside, opening his arteries. Five pieces of metal mesh 
were installed to keep them open, but his coronary arteries closed in other places. 

"I couldnt walk very far, couldnt even make my bed," says the 55-year-old resident of Danvers, Mass. 
"Climbing stairs was out, so was any thought of going on vacation." 

Late last year, he was asked by researchers at Beth Israel Deaconess Medical Center in Boston if he 
wanted to volunteer for an experimental procedure at the Harvard-affiliated hospital. The procedure 
involved doctors injecting proteins called growth factors into his heart to stimulate growth of new blood 
around those cbgged with plaque. 

"I didnt hesitate to give them the go-ahead," Curtis recalls. 

The cardiologists threaded a thin hollow tube from his groin into his heart. Through the tube they injected 
what is called basic fibroblast growth factor, or bFGF. 

Four months after the treatment, Curtis is back working full time at a desk job in a printing company. "I 
no longer take 3-to-6 nitroglycerin tablets a day, and I'm painting the hallway in my house," he says 
cheerily. "I may never go back to playing racquetball, but I'm leading a normal life, and that's all I'm 
looking for." 

"All his symptoms are gone," says Michael Simons, associate professor of medicine at Harvard Medical 
School "He is one of 1 8 patients who participated in a trial of bFGF. All are now largely without 
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symptoms such as chest pain, shortness of breath, and fatigue." 



Bypassing Bypass Surgery 

Eighteen other patients who received heart-artery bypasses got bFGF at the same time. Frank Sellke, an 
associate professor of surgery at Harvard Medical School, implanted capsules that slowly release the drug 
at sites where blocked vessels were too small or too diffusely diseased to bypass. 

"These patients have undergone treadmill stress tests," Simons comments. "They also have been 
examined with a new type of magnetic resonance imaging (MRI) that measures blood flow and detects 
new vessel development. It is too early to scream and shout with success, but we are pleased with the 
results obtained so far." 

"I had an MRI a couple of weeks ago, and it showed new arteries growing and bypassing some 
blockage," says Curtis. "I'm getting 70 percent blood flow to an area of the heart that was down to 30 
percent flow. And there's reason to think things will improve more with time." 

John Modugno, 48, received bFGF in February, and his MRI tests also show evidence of new arterial 
growth. "I feel much better," he says, "although I'm still on drugs and get a little angina at the end of the 
day." 

Tests of bFGF and other growth factors now under way at various research centers raise hopes that 
newly grown blood vessels will replace arteries choked off by atherosclerosis, thus heading off thousands, 
maybe millions, of heart failures and heart attacks. 

If these tests continue to be successful in humans, they could lead to heart drugs that will be cheaper, 
safer, and a lot easier on patients than bypass surgery and angioplasty. About a million people undergo 
such'procedures in the United States each year, but they don* always wprk. As in Hugh Curtis's case, 
some vessels are too small or located where they cant be bypassed with sections of vein. After arteries 
have been opened by an inflated balloon or other types of angioplasty, about one-third of them close 
again, some in a matter of months. 

"We once thought people in which neither procedure worked accounted for only a small subgroup of 
patients," Simons says. "But now we're getting phone calls almost every 1 day, so we must conclude that 
there are more people with this problem than we imagined." 

The revolutionary potential of growth factors, of course, goes far beyond such people. Simons sees it as 
"having the potential to replace or reduce the use of bypass surgery." The American Heart Association 
estimates that 500,000 bypasses are performed each year at an average cost of $45,000 per treatment. 

Severely blocked coronary arteries cause more than 3 million heart failures a year, and 7 million more 
people suffer the chest pains of angina. "Growth-factor treatments might be expanded to many, if not all 
of these patients," Simons declares. 

The Side-Effects Question 

Researchers at Beth Israel Deaconess Medical Center initiated such treatments in 1996. Today, seven 
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t ^ WHg worldwide work on growing new blood vessels with bFOF and another protein known as vascular 
endothelial growth fector, or VEGF (see April 23 Gazette, page 1). 

In a trM conducted at several medicd center^ 17 people whose bbeked coronary 

arteries lay out of reach of angioplasty. Fifteen of the 17 patients showed various levels of improvement. 

Jeffrey Isner, a cardiologist at St. Elizabeth's Medical Center in Boston, has used VEGF to grow new 
vessels around blockages in the leg veins of diabetics. He has treated 30 diabetic patients, as well as five 
other patients with heart disease. 

"Preliminary results look good in both types of disease," Isner says. "This is a very encouraging and 
exciting area of treatment." 

The great promise of bypassing blood-vessel blockages wont become a reality, however^if the growth 
factors cause severe side effects. 

Both bFGF and VEGF lower blood pressure. "That feet limits the amount you can give a person," 
Simons notes. "But that's something we can work around." 

More serious is the possibility of damage to sight caused by overgrowth of blood vessels in the eye. "We 
have been looking carefully for this, but have not seen any as yet with bFGF," Simons comments. Also, 
no new blood vessels were seen growing in the eyes of patients treated with VEGF, another encouraging 
sign. 

The most worrisome possibility concerns growth of blood vessels that might nourish small, hidden cancer 
tumors. Judah Folkman, another Harvard researcher, found that such tumors remain benign unless new 
blood vessels carry nutrients to them. Once connected to a steady blood supply, tumors grow and spread. 

Folkman and Michael O'Reilly developed two exciting new cancer drugs, endo statin and angiostatin, 
which block rather than promote development of blood vessels. 

"We hope that tumor growth can be avoided because we give the growth factor for a. very short time and 
in small amounts," Simons notes. "It's not like we're adding a foreign substance to the body, everyone has 
such small amounts of bFGF circulating naturally in their bloodstream." 

The side-effects issue will be addressed in tests involving larger numbers of patients. Plans call for testing 
both growth factors on 400 to 500 people at a combination of medical centers throughout the country. 
Simons expects to start expanded trials of bFGF this summer in a collaboration with Emory University in 
Atlanta. 

A question still to be answered is exactly how new blood vessels form. The bare-bones explanation has 
bFGF binding to the surface of, then stimulating growth of endothelial cells, those that line the inside of 
capillaries, the smallest vessels. These cells leave the vessels, migrate to the tip of the capillaries, and form 
a tube that extends their reach. 

Simons's team took startling photos of new vessels growing around blocked arteries in animals. They 
show small extensions sprouting like twigs on a tree limb, moving around the barricade and reconnecting 
on the other side. 
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. « * 

«7fff flmaring to sec" Simons says. Tf we can continue to do tbc same thing ia humans, without 
deleterious side effects, we have a chance to benefit millions of people." 

END 



College Admission Yield Is Nearly 80% 

Highest in 25 years 

Nearly 80 percent of students admitted to the Class of 2002 have chosen to enroll, the highest yield since 
the early 1970s, according to the Undergraduate Admissions Office. This yield is the best in more than 25 
years. 

Yield, the percentage of admitted candidates who decide to accept an offer of admission, is considered a 
measure of a school's competitiveness. Harvard's yield is again, by a wide margin, the highest of the 
nation's selective colleges. When the final figures are available, the yield could go even higher - it is 
already well above last year's yield of 76.3 percent. 

The 2,073 students admitted to the Class of 2002 were selected from a pool of 16,819 applicants. For the 
seventh time in eight years, applications for admission to Harvard and Radcliffe have risen. Last year, 
1 6,597 students applied for the 1 ,650 places in the entering class. 

The substantial rise in the yield means that the Class of 2002 is now full, and it will probably be 
impossible to admit anyone from the waiting list. In more typical years, the College has been able to admit 
between 50 and 100 from the waiting list. 

"We are extremely pleased that the College has again attracted so many extraordinarily talented students 
this year," said William R. Fitzsimmons '67, Dean of Admissions and Financial Aid. "With many leading 
American and international universities recently announcing changes in their financial aid programs 
designed to compete more aggressively for top students, the leadership of Dean of the Faculty of Arts 
and Sciences Jeremy Knowles and President Neil Rudenstine allowed Harvard to extend its best welcome 
to prospective members of the Class of 2002." 

The Dean and President reemphasized their unwavering commitment to a strong need-based financial aid 
program and to the policy of admitting the best students without regard to their financial circumstances. 
With nearly 70 percent of all undergraduates on financial aid, and with scholarship grants of $45 million, 
Harvard has always been a leader in financial aid. 

Dean Knowles stated in February, "We shall set no limit on the financial resources necessary to make 
Harvard College fully accessible to all students of promise. . . Students who are admitted to next fall's 
entering class will receive competitively supportive offers, and financial aid will be tailored flexibly and 
individually." 

James S. Miller/ director of financial aid, and his staff were available weekdays from 8 am to 8 p.m. and 
several Saturdays for the month of April, and talked with an unprecedented number of students and 
parents about their financial aid awards. "Jim and his staff worked extremely hard to make it possible for 



f37 



3/26/99 3:20 PM 



EXHIBIT C-7 



Clinical evidence of angiogenesis after arterial gene transfer of 
phVEGF 166 in patient with ischaemie limb 
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EXHIBIT D 



DISCLOSURES 
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Growth factors can be utilized to induce the growth 
5 of "hard tissue" or bone and "soft tissues" like ectoder- 
mal and mesodermal tissues. As used herein, the term 
growth factor encompasses compositions and living 
organisms which promote the growth of hard tissue, 
such as bone, or soft tissue in the body of a patient. The 
iO compositions include organic and inorganic matter. The 
compositions can be genetically produced or manipu- 
lated. The living organisms can be bacteria, viruses, or 
any other living organism which promote tissue 
growth. By way of example and not limitation, growth 
15 factors can include platelet-derived growth factor 
(PDGF), epidermal growth factor (EGF), fibroblast 
growth factor (acidic/basicXFGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming 
growth factor (TGF-B), colony-stimulating factor 

20 (CSF), osteopontin (Eta*l (OPN), platelet-derived 
growth factor (PDGF), interferon (INF), bone mor- 
phogenic protein 1 (BMP-1), and insulin growth factor 
(IGF). Recombinant and non-recombinant growth fac- 
tors can be utilized as desired. Bacteria or viruses can, 

25 when appropriate, be utilized as growth factors. For 
example, there is a bacterial hydrophilic polypeptide 
that self-assembles into a nanometer internal diameter 
pore to build a selective lipid body. Various enzymes 
can be utilized for the synthesis of peptides which con- 

30 tain amino acids that control three-dimensional protein 
structure and growth. Growth factors can be applied in 
gels or other carriers which regulate the rate of release 
of the growth factors and help maintain the growth 
factors, and the carrier, at a desired location in the 

35 body. Time release capsules, granules, or other carriers 
containing growth factor can be activated by tissue pH, 
by enzymes, by ultrasound, by electricity, by heat, by 
selected in vivo chemicals or by any other selected 
means to release the growth factor. The carrier can be 

40 resorbable or non-resorbable. Or, the growth factor 
itself can be activated by similar means. Either the car- 
i rier or the growth factor can mimic extracellular fluid 
to control cell growth, migration, and function. The 
growth factor can be administered orally, systemically, 

45 in a carrier, by hypodermic needle, through the respira- 
tory tract, or by any other desired method. The growth 
factor can also be administered into a capsule or other 
man-made composition or structure placed in the body. 
While administration of the growth factor is presently 

50 usually localized in the patient's body, circumstances 
may arise where it is advantageous to distribute a 
growth factor throughout the patient's body in uniform 
or non-uniform concentrations. An advantage to 
growth factors is that they can often, especially when in 

55 capsule form or in some other containment system, be 
inserted to a desired site in the body by simply making 
a small incision and inserting the growth factor. The 
making of such a small incision comprises minor sur- 
gery which can often be accomplished on an out-patient 

60 basis. The growth factors can be multifactorial and 
nonspecific. 
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In another embodiment of the invention, genetically 
produced living material is used to form an implant in 
the bone of a patient. The DNA structure of a patient is 
analyzed from a sample of blood or other material ex- 
tracted from a patient and a biocompatible tooth bud 5 
122 (FIG. 3) is produced. The bud 122 is placed in an 
opening 123 in the alveolar bone and packing material is 
placed around or on top of the bud 122. The 7 size of 
opening 123 can vary as desired. The packing around 
bud 122 can comprise HAC 124, hydroxyapatite, blood, 10 
growth factors, or any other desirable packing material 
The bud 122 grows into a full grown tooth in the same 
manner that tooth buds which are in the jaws of chil- 
dren beneath baby teeth grow into full sized teeth. In- 
stead of bud 122, a quantity of genetically produced 15 
living material which causes bud 122 to form in the 
alveolar bone can be placed at a desired position in the 
'alveolar bone such that bud 122 forms and grows into a 
full sized tooth. Instead of forming an opening 123, a 
needle or other means can be used to simply inject the 20 
genetically produced living material into a selected 
location in the alveolar bone. As would be appreciated 
by those skilled in the art, genetically produced materi- 
als can be inserted in the body to cause the body to 
grow, reproduce, and replace leg bone, facial bone, and 25 
any other desired soft and hard tissue in the body. 
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THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: James P. Elia 

SERIAL NO.: 09/064,000 

FILED: April 21, 1998 

FOR: METHOD AND APPARATUS 
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DECLARA TION OF WAYNE H. F1NLEV, M n 

I Wayne H. Finley declare as follows: 



EXAMINER: Nicholas D. Lucchesi 
GROUP ART UNIT: 3732 



I reside at 3412 Brookwood Road, Mountain Brook, Alabama 35223. 

My Curriculum Vitae is attached hereto as Exhibit A. 

/ 

I have read and understood the disclosures at column 14, lines 4-61 and 
column 21, lines 1-26 of United States Patent Number 5,397,235 
(hereinafter " '235 patent") entitled "Method for Installation of Dental 
Implant," and granted to James P. Elia on March 14, 1995. A copy of 
such disclosures is attached hereto as Exhibit D. I understand that the 
same disclosures are contained in above patent application Serial No. 
09/064,000. 



I note that the disclosures mentioned in above Paragraph 3 relate to a 
method for forming a bud and then for forming soft tissue. Such methods 
involve placing a growth factor at a desired site of a body with use of 
techniques including resorbable and non-resorbable carriers, gels, time- 
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release capsules, and granules. In addition, the growth factor may be 
placed in the body orally, systemically, by injection, through the 
respiratory tract, by making an incision in the body and then inserting the 
growth factor. I note further that the growth factor and/or carrier may be 
activated by tissue pH, enzymes, ultrasound, electricity, heat, or in vivo 
chemicals. 

5. It is well known and established in the medical arts that buds are a 

primordium or, in other words, a rudiment or commencement of an organ. 
The process of organ formation includes the differential development of 
cells to form an organ primordium with the resulting formation of soft 
tissue. Such process of development is called organogenesis. It is also 
well known and established in the medical arts that the term "soft tissue" 
includes blood vessels. 

In making the above statement in this Paragraph, I am aware of the 
definitions attached hereto as Exhibit B. Terms included in the above- 
mentioned definitions are: bud, primordium; organogenesis, and organ. I 
am also aware of and have considered the definition of "growth factor" as 
contained in Column 14 of the aforesaid '235 patent. 

6. The materials included in attached Exhibit C evidence that the placement 
of growth factors in the body of a human results in the formation of a bud 
with subsequent growth into soft tissue. These materials report work 
performed by reputable, skilled scientists and reputable organizations in 
the medical arts. Consequently, I believe that these reports would be 
recognized as clearly valid by one of ordinary skill in the medical arts 
because they report the results of scientific tests conducted by competent, 
disinterested third parties with use of proper scientific controls. 
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Based upon the materials included in above Paragraphs 4, 5, and 6, it is 
my opinion that the process of placing a growth factor at a desired site of 
human body will produce a bud that will predictably subsequently grow 
into soft tissue, as described in the '235 patent, using the techniques 
identified in above Paragraph 4. My further opinion is that when the 
techniques and angiogenic growth factors described and disclosed in the 
Elia patent application are used to place such growth factors in a human 
host, such placement would result in the formation of soft tissue, e.g., 
blood vessels. My opinion is in accord with the results obtained by the 
Isner patent (Exhibit C-6) which employed the same angiogenic growth 
factors and carrier/technique described and disclosed in the Elia patent 
application. 

Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that ail 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 
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VITAE 



CURRICULUM VITAE 



PERSONAL INFORMATION 



Name: 
Birth: 

Social Security Number: 

Home Address: 

Phone: 

FAX: 

Email: 

Wife: 
Children: 

Religion: 

Civic Club: 

Business Address: 



Departments: 

Phone: 

FAX: 



Wayne H. Finley 

Goodwater, AL 
April 7, 1927 

416-28-1334 

3412 Brookwood Road 
Birmingham, Alabama 35223 
(205) 969-1942 
(205) 969-0266 
whfinley@bellsouth.net 

Sara C. Finley, M.D. 
Randall W. Finley, M.D. 
Sara J. Finley, J.D. 

Deacon 

Dawson Memorial Baptist Church 

Shades Valley Kiwanis Club 
Rotary Club of Birmingham 

University of Alabama at Birmingham 
1720 7th Avenue South, Sparks 420 
Birmingham, Alabama 35294 

Pediatrics, Human Genetics 
(205) 975-2342 
(205) 934-1078 
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EDUCATION: 



Degree Year 

BS 1947 
Secondary Ed. 

MA 1950 
Secondary Ed. 

MS 1955 
Biochemistry 

PhD 1958 
Biochemistry 

MD i960 



Institution 

Jacksonville State University 
Jacksonville, Alabama 

University of Alabama 
University, Alabama 

University of Alabama 
Birmingham, AL 

University of Alabama 
Birmingham, AL 

Medical College of Alabama 
Birmingham, AL 



POSTDOCTORAL TRAINING: 



Year 

1960- 61 

1961- 62 



Type 
Internship 

Traineeship 



MILITARY SERVICE: 



Discipline/Institution 

Pediatrics 

University of Alabama Hospital 

Birmingham, Alabama 

Medical Genetics 

NIH Traineeship 

Institute for Medical Genetics 

University of Uppsala, Sweden 



1945- 46 
1951-53 

1946- 74 



LICENSURE: 



Active Duty, US Army, Enlisted, Infantry (Germany) 

Active Duty, US Army, Officer, Chemical Corps 

Faculty, The Chemical Corps School 

US Army Reserve 

Presently LTC CmlC-USAR, Ret. 

Alabama, 1961 
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BOARD CERTIFICATION: 

1958,1960 National Board of Medical Examiners, Parts I, II 
1 983 American Board of Medical Genetics 

1993 Founding Fellow AMA, MD, American College of Medical Genetics 

HOSPITAL APPOINTMENTS: 

Staff, The Children's Hospital of Alabama, Birmingham, AL. 
Staff, University of Alabama Hospitals, Birmingham, AL. 
Consultant Staff, Lloyd Noland Hospital, Fairfield, AL. 



ACADEMIC APPOINTMENTS: (In reverse chronological order) 
Year Rank/title 

All appointments were at the University of Alabama at Birmingham 
1996- Professor Emeritus 



1 986-96 Senior Scientist, Center for 
Health Risk Assessment 
and Disease Prevention 

1 981-96 Senior Scientist, Cystic 
Fibrosis Research Center 

1980-96 Adjunct Professor in 
Biology 

1 977-96 Professor of Biochemistry 



1 975-96 Professor of Public Health 
and Epidemiology 

1975-96 Associate Professor 
Physiology and 
Biophysics 

1 975-77 Associate Professor of 
Biochemistry 

3 
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1970-96 Senior Scientist, 

Associate Member, 
Comprehensive Cancer 
Center 

1 970-96 Professor of Pediatrics(Primary Appointment) 

1 968-75 Assistant Professor of 
Physiology and 
Biophysics 

1 966-70 Associate Professor of 
Pediatrics 

1966-96 Director, Laboratory of 
Medical Genetics 

1965-75 Assistant Professor of 
Biochemistry 

1 962-66 Assistant Professor of 
Pediatrics 

AWARDS/HONORS: 

Who's Who Among Students in American Colleges and Universities, 1947 
Kappa Delta Pi, 1947, and Phi Delta Kappa, 1949, Honorary Education Fraternities 
McBumey Cup (1960), Sigma Chapter, Phi Beta Pi Medical Fraternity, 1957 
Alpha Omega Alpha, Honorary Faculty, 1971 

Annual Medical Award (1969), Alabama Association for Retarded Citizens 
Outstanding Educators of America, 1971 

AMA Physicians Recognition Award, 1971, 1975, 1981, 1984, 1987, 1990, 1993, 1996 

Who's Who in America, 1974 

Honorary Member, Alabama Pedodontics Society 

Who's Who in Alabama 

Personalities of the South, 1972 

Omicron Delta Kappa, 1976, Honorary Faculty 

Distinguished Medical Alumni Award, 1978, University of Alabama School of 
Medicine Alumni Association 
American Men and Women of Science 
Who's Who in South and Southwest 
Who's Who in Science and Technology 

4 
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Turlington Award, Planned Parenthood of Alabama, Inc., 1982 
Distinguished Faculty Lecturer, Medical Center, UAB, 1983 
Who's Who in Science and Engineering 

Wayne H. and Sara Crews Finley Chair in Medical Genetics established UAB, 
1986 

Alumnus of the Year, Jacksonville State University, Jacksonville, AL, 1989 

Newcomen Society of the United States, 1990 

Sat for Portrait, Reynolds Historical Library, UAB, 1991 

Fellow, Royal Society of Medicine, 1995 

Will Gaines Holmes Award, Children's Aid Society, 1999 



PROFESSIONAL SOCIETIES: 

American Society of Human Genetics 
American Association for the Advancement of Science 
American Federation of Clinical Research 
American Chemical Society 
American Institute of Chemists, Inc. 
Society for Experimental Biology and Medicine 
The New York Academy of Sciences 
Christian Medical Society 
Southern Medical Association 
Southern Society for Pediatric Research 
Medical Association of the State of Alabama 
Alabama Academy of Science 
Alabama Association for Retarded Citizens 
Jefferson County, Alabama Pediatric Society 
Jefferson County, Alabama Medical Society 
University of Alabama National Alumni Association 
Alumni Association, University of Alabama School of Medicine 
Associate, Alabama Chapter, American Academy of Pediatrics 
NIH Alumni Association, Bethesda, Maryland 
American Medical Association 
Southeastern Regional Genetics Group 
American College of Medical Genetics, Founding Fellow 
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COUNCILS AND COMMITTEES: 

1966-67 Committee on Genetic Counseling (ad hoc), Children's Bureau, 

Department of HEW 
1 968-70 Chairman, University of Alabama Two-Year Medical Program at 

Tuscaloosa 

1 97 1 -72 Special Advisory Committee for Minority Students, University 

of Alabama in Birmingham 
1 972-76 Research Committee, Alabama Association for Retarded Citizens 
1 972-73 President, Sigma Xi, University of Alabama at Birmingham Chapter 

1972- 77 Subcommittee in Research, Shriners Hospitals for Crippled Children 

1 973- Chairman, Carey W. Phillips Travel Fellowship Committee 

1 973- 74 President, Kiwanis Club of Shades Valley, Alabama District 

1 974- 75 President, Alumni Association, University of Alabama School of 

Medicine 

1975- 80 Human Use Committee, Biomedical Research, Inc. 

1975- 77 Maternal and Child Care Committee, Chairman Jefferson County 

Medical Society 

1 976- 82 Prevention Committee, Chairman, Alabama Association for 

Retarded Citizens 

1 977- 78 University of Alabama System Medical Education Program, 

Committee on Continuing Education 

1 977- 80 Member, National Advisory Research Resources Council of the 

National Institutes of Health, Bethesda, MD 

1 978- 8 1 Member, Law Center Planning Committee, University of Alabama 
1 978-8 1 Member, Board of Censors, Jefferson County Medical Society 
1978 Member, Health Issues Coalition, Birmingham Regional Hospital 

Council 

1 978-96 Member, Medical Advisory Committee, Central Alabama Chapter, 

National Multiple Sclerosis Society 
1 978-80 Member, Board of Directors, Alabama Academy of Science 
1 978-96 Project Director, Alabama Medical Genetics Program 
1981-83 Board of Advisors, Center for Public Law and Service, University of 

Alabama Law Center, University, Alabama 
1 981 -82 Chairman, Prevention and Research Committee, Association for 

Retarded Citizens 

1981-90 Treasurer, Birth Defect and Clinical Genetics Society, Boston, MA 
1981- Member, American Physiological Society 

1981 President-Elect, Jefferson County, Alabama Medical Society 

1 982 Health Services Committee, Birmingham Chamber of Commerce 
1982 Member, New Horizons Marketing Task Force, United Way 
1982 Member, Birmingham Steering Committee 

6 
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Public 



1 982- 2000 Member, Board of Directors, Southeastern Regional Genetics Group 

(SERGG), Alabama Representative 

1 983 Member, Citizens Supervisory Committee 

1 983- 84 President, Jefferson County, Alabama Medical Society 

1983- 85 Archives Committee, Jefferson County Medical Society 

1 984 External Reviewer for Graduate Program, Department of Medical Genetics, 

Indiana University Medical Center 
1 984 Member, Board of Trustees of the Jefferson County Medical Society 

1 984- 86 President, Caduceus Club, University of Alabama School of Medicine 
1984 Member, Research and Education Foundation, BRHC-JCMS. 

1984-00 Member, Advisory Committee for MCH Regional Genetics Program. 
1 984-86 Member, UAB Faculty and Staff Benevolent Council 
1 984-86 Member, Liaison Committee between JCMS and the Birmingham Regional 

Hospital Council 

1986-95 Member, Promotions Committees, College of Community Health 
Sciences, The University of Alabama and School of Primary 
Medical Care, University of Alabama at Huntsville 

1 987 Committee on Future Needs in Medical Genetics, Genetics Services 

Branch, Bureau of Health Care Delivery and Assistance, USPHS 

1988-90 Sickle Cell Advisory Council, Alabama State Department of 
Health 

1 988- 90 Chairman, Emmett B. Carmichael Award Committee, Alabama 

Academy of Science 

1 989- Member, SOS Foundation of Jefferson County 
2000-2001 Chairman, SOS Foundation of Jefferson County 
1989-96 Continuing Medical Education Committee, The Children's Hospital 

Alabama 

1 991 - Board of Trustees, Alabama Academy of Science 
1 991 - Counselor, Medical Association of the State of Alabama 

1 992- 95 Member, The University of Alabama College of Education 

Steering Committee 

1993- 99 JSU Foundation Board, Jacksonville State University 
1 993-97 Member, Education Committee, American College of Medical 

Genetics 

1995 Program Director, 3rd Annual Meeting, American College of Medical 

Genetics, San Antonio, TX, March 12-14, 1996 
1 995 External Reviewer, Department of Medical Genetics, Indiana 

University School of Medicine, Indianapolis, IN 

1 996- 98 Ethics Task Force, Birmingham Regional Council of Ala HA 

1997- 00 Editor, Southeastern Regional Genetics Group Newsletter 

1 998- Alabama Healthcare Hall of Fame Advisory/Nominating Committee 



of 
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Graduate Committees - Member 



1968 


Mancinelli, SA 


MS, Physiology/Biophysics 


1969 


Ciola, B 


MS, Dentistry 


1970 


McDanal, CE, Jr 

Harden SS 
Barham, WW 


MS, Basic Medical Science 
MS, Physiology & Biophysics 
PhD, Anatomy 


1972 


Hutto, SC 
Hoffman K 

1 IWl II 1 Idl If 1 » 


MS, Physiology/Biophysics 
MS, Physiology/Biophysics 


1974 


Wilkerson, SA 


PhD, Physiology/Biophysics 


1975 


Garrett, JH 


MS, Physiology/Biophysics 


1G7A 




PhD Biochemistry 


1979 


Watkins JA Jr 


MS, Biochemistry 


I t7U 1 


Smith JL 

Ul 1 Mil 1) vL 


PhD Phvsioloav/BioDhysics 




Mansson-Rahemtulla, B 


DrPH 

MS, Oral Biology 


1983 


Conary, JT 


PhD, Physiology/Biophysics 


1984 


Yang-reng, i l 


r riL/, Diuiuyy 




uauzai, cm 


Rinlnnv 
ivio, Diuiuyy 


1986 


Harman, L 


MS, Medical Genetics 


1988 


Martin, RK 
Hall, TM 


PhD, Medical Genetics 
MS, Medical Genetics 


1989 


Nowakowski, R 


PhD, Medical Genetics 


1991 


VanderVegt, FP 
Harman, L 
Han, Jian 


PhD, Medical Genetics 
PhD, Medical Genetics 
PhD, Medical Genetics 
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1992 


Eipers, P 
edge, m 
Barnoski, B 


PhD, Medical Genetics 
rnu, ivieaicai ueneucs 

PhD, Medical Genetics 


1993 


Perry, R 
Lyon, E 


PhD, Medical Genetics 
PhD, Medical Genetics 


1994 


Crawford, E 


rnu, Medical oeneucs 


1995 
1996 


Knops, J 
Kelly, L 
Watts, H 
unu, ua-onang 
Barker, S 


PhD, Medical Genetics 
PhD, Medical Genetics 
Ms, Medical Genetics 
rnu, ivieaicai oeneucs 
MS, Basic Sciences 


1966 


Tsoumanis, F. 
Rosenfeld, M. 
McGannon, M. 
Li, Peining 


PhD, Medical Genetics 

PhD, Medical Genetics 
PhD, Medical Genetics 


1997 


Brown, T. 


PhD, Medical Genetics 


Master's Degrees - Chairman 




1968 


Mancinelli, Sergio A 
Gebhart, Harold E 
Payne, Gillis 
Taylor, Peyton T 


MS, Physiology/Biophysics 
Mb, Basic Medical ocience 
MS, Basic Medical Science 
MS, Basic Medical Science 


1969 


Ciola, Benjamin 


MS, Dentistry 


1970 


Jennings, GC 


MS, Laboratory Science 


1971 


Carlson, Robert H 


MS, Basic Medical Science 


1972 


Pederson, Martha 1 
Vinson, Paula C 


MS, Physiology/Biophysics 
MS, Physiology/Biophysics 


1973 


Luketic, Davor 


MS, Physiology/Biophysics 


1974 


Beatty, Paula J 


MS, Biochemistry 
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1975 


Garrett, John H 




Honea, Kathryn L 


1976 


Varner, Robert E 


1977 


Ready, James M 




Watson, Michael S 




Stockard, Cecil R 


1980 


Shunnarah, Richard 


1982 


Mihehch, Kristin 




Chandler, Walter S 


1984 


Jesse, Mary Ann 


1985 


Hall, Robin T 


1988 


Grimm, Karel Jo 



PhD Degrees - Chairman 
1974 

1978 

1979 
1981 
1983 
1985 
1989 

1995 
1997 



MS, Physiology/Biophysics 
MS, Physiology/Biophysics 

MS, Physiology/Biophysics 

MS, Physiology/Biophysics 
MS, Physiology/Biophysics 
MS, Biochemistry 

MS, Physiology/Biophysics 

MS, Physiology/Biophysics 
MS, Physiology/Biophysics 

MS, Basic Medical Science 

MS, Basic Medical Science 

MS, Medical Genetics 



McPhee, Hugh T 
Vinson, Paula C 
Wilkerson, Shirley A 

Naftel, John P 
Michael, Edward Barry 

Carroll, Andrew J 

Watson, Michael S 

McCombs, Jerome L 

Johnson, Evelyn 

Warren, Joe 
Wells, Gretchen 

John Longshore 

Virginia Tanner Thurston 



PhD, Physiology/Biophysics 
PhD, Physiology/Biophysics 
PhD, Physiology/Biophysics 

PhD, Anatomy 
PhD, Biochemistry 

PhD, Physiology/Biophysics 

PhD, Physiology/Biophysics 

PhD, Physiology/Biophysics 

PhD, Physiology/Biophysics 

PhD, Medical Genetics 
PhD, Medical Genetics 

PhD, Medical Genetics 

PhD, Medical Genetics 
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UNIVERSITY ACTIVITIES: 

1 966-75 Medical Student Research Day Chairman 

1972- 74,1983-96 University of Alabama in Birmingham Graduate Council 

1 973- 88 Editorial Board, Alabama Journal of Medical Sciences 
1973-74 Chairman, UAB Distinguished Faculty Lectureship Committee 

1975- 96 Executive Cancer Committee, Medical and Dental Staff, University 

Alabama Hospitals 

1976- 78 Management Committee, Center for Developmental and Learning 

Disorders 

1 978- Associates of the Reynolds Library, University of Alabama in 
Birmingham 

1978-80 Member, Faculty Council, University of Alabama School of Medicine 

1 978- 79 Liaison Committee to the President, University of Alabama in 

Birmingham 

1 979- 82 Joint Faculty Status Committee of the Schools of Med icine & 

Dentistry, University of Alabama in Birmingham 
1979-80 Member, Grievance Panel, University of Alabama in Birmingham 
1 981 - Chairman, Reynolds Library Associates Steering Committee, 

University of Alabama at Birmingham 
1 983-00 Board of Directors, Southeastern Regional Genetics Group 
1983-96 Director, Graduate Program in Medical Genetics 

1 983- 89 Member, Faculty Council, University of Alabama School of Medicine 

1 984- 86 Board of Directors, Greater Birmingham Chamber of Commerce 
1985 Connor Essay Prize Committee, University College, UAB 

1 985- 86 American Medical Association Award Program Committee, UAB 
1985-87 Chairman, Faculty Council, University of Alabama 

School of Medicine 

1 987 Member, Search Committee, UAB Senior VP for Health Affairsl 988- 

1 988- Member, Marie and Emmett Carmichael Fund for Graduate 

Students in Biosciences 
1 992- Member, UAB Archives Committee 

1995-96 Senator, UAB Faculty Senate, Member, Faculty Affairs Committee 
1995-96 Faculty Representative to UA Board of Trustees, University of 

Alabama at Birmingham 
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GRANT SUPPORT: 

National Institutes of Health 

General Medical Sciences 

Child Health and Human Development 

Mental Health 

MCH, Alabama Department of Public Health 

Children's Bureau, DHEW 

Food and Drug Administration 

National Foundation/March of Dimes 

Maternal and Child Health Division, USPHS 

Malcolm Bethea Fund 

State of Alabama 

Alabama Department of Public Health, MCH Block Grant 
SPRANS Grant, Genetics Division, USPHS 
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bulb 



anxiety accompanying psychosomatic disorders; should not be 
used for nausea of pregnancy, 
bud. A structure that resembles the b. of a plant. 

bronchial b., one of the outgrowths from the primordial 
bronchus responsible for the continued ramification of the embry- 
onic bronchial tree. 

end b., tail b. 

farcy b., one of a number of nodules formed along the course 
of the subcutaneous lymphatics in cases of glanders, 
gustatory b„ caliculus gustatorius. 

liver b., the primordial cellular outgrowth from foregut 
entoderm of the embryo that gives rise to the parenchyma of the 
liver. 

lung b M in the embryo, one of the two lateral outgrowths from 
(he respiratory primordium (hat ultimately forms the epithelial 
portions of the lung. 

metanephric b. t ureteric b.; the primordial cellular outgrowth 
from the meson ephric duct thai gives rise to the epithelial lining of 
the ureter, pelvis and calyces of the kidney, and the straight 
1 collecting tubules. 

syncytial b., syncytial knot. 

tail b., end b.; the rapidly proliferating mass of cells at the caudal 
extremity of the embryo, 
taste b., caliculus gustatorius. 

tooth b., the primordial structures from which a tooth is formed; 
the enamel organ, dental papilla, and the dental sac enclosing (hem. 
ureteric b., metanephric b. 

vascular b., an endothelial sprout arising from a blood vessel. 
Budd, George, London physician. 1808-1882. See B.'s cirrhosis, 
jaundice, syndrome. 

Budde (bood'deh). E.. Danish sanitary engineer. •1871. See B. 
process. 

buddeize (bood'de-ize). To treat by the Budde process, 
budding. Gemmation. 

Budge (bood'ga), Julius L . German physiologist, 181 1-1888. See 
B.'s center. 

Budin (bii-dan'). Pierre C, French gynecologist. 1846-1907. See 
B.'s obstetrical joint* B.'s pelvimeter. 

Buerger, Leo, New York physician. 1879-1943. See B.'s disease. 
Winiwarter- B. disease, B.'s stain. 

bufa*, bufo-. Combining forms that denote origin from toads. 
They are used in the systematic and trivial names of a great number 
of toxic substances (genins) isolated from plants and animals 
containing the bufanolide structure (see bufanolide). Prefixes 
denoting species origin are often attached, e.g., man nobuf agin, 
marinobufotoxin. 

bufagenins. Bufagins. 

bufagins. Bufagenins; a group of steroids (bufanolides) in the 
venom of a family of toads* the Bufonidae. having a digitalis-like 
action upon the heart (e.g., bufotalin); cf. bufotoxins. For structure 
of bufanolides, see steroids. 

bufalin. A specific type of bufanolide. containing 30,14-dihy- 
droxy-5£,14£-bufa-20,22-dienolide. For structure of bufanolide, 
see steroids. 

bufanolide. Fundamental steroid lactone of several squill-toad 
(Bufonidae) venoms or toxins; also found in the form of glycosides 
in plants (cf. digitalis). The steroid is essentially that of 5)9- 
androsiane. with a 1 40. H The lactone ai C- 17 is structurally related 
to — CH(CH.i)CH:CH>CH.t radical attached toC- 1 7 in thecholanes. 
and is in the same configuration as that of cholesterol (i.e., 20/?); 
in some species, b. is formed from cholesterol. Various b. 
derivatives having unsaluration in the lactone ring (20,22) or 
elsewhere (4) are known as bufenolides (one double bond), 
bufadienolides (e.g., bufalin. telccinobufagin. marinobufagin, 
bufogenin B. bufotalin, bufotoxin). bufatrienolides (e.g., sci II a re- 
nin), etc. They have varying numbers of hydroxyl groups at 
positions 3, 5, 14. and 16. and these may be further substituted 
(e.g., bufatalin, bufotoxin, gitoxigenin). For structure, see steroids. 

buffer. I. A mixture of an acid and its conjugate base (salt), such 
as H,CO^HCOr: H,PO«/H t PO,\ which when present in a 
soluiion reduces any changes in pH that would otherwise occur in 
the solution when acid or alkali is added to it. Thus the pH of the 
blood and body fluids is maintained virtually constant (pH 7.45) 



although acid metabolites are continually being formed in the 
tissues and COi(HjCOj) is lost in the lungs. See also conjugate 
acid-base pair, under conjugate. 2. To add a b. to a solution and 
thus give it the property of resisting a change in pH when it receives 
a limited amount of acid or alkali. 

b. capacity, the amount of hydrogen ion (or hydroxyl ion) 
required to bring about a specific pH change in a specified volume 
of a b. (see b. value). 

b. pair, an acid and its conjugate base (anion). 

secondary b. t see Hamburger's law. 

b. value, the power of a substance in solution to absorb acid or 
alkali without change in pH; this is highest at a pH equal to the 
pK of the acid of the b. pair (see b. capacity). 

b. value of the blood, (he ability of the blood to compensate 
for acid-alkali fluctuations without disturbance of the pH. 
Buffon (boo'-fon). Compt de (Georges Louis Leclerc). French 
naturalist. 1707-1788. Published Histoire Naturelle. Some of his 
views on evolution and the origin of species anticipated Darwin by 
more than a hundred years, 
buffy coat. Crusta infiammatoria; crusta phlogistica; the upper, 
lighter portion of the blood clot (coagulated plasma and while 
blood cells), occurring when coagulation is delayed so that the red 
blood cells have had time to settle a little; the portion of 
centrifuged, anticoagulated blood which contains leukocytes and 
platelets. 

bufo-. See bufa-. 

bufogenin B. A steroid toxin from Chinese toads; a 3/3,14,16- 
trihydroxy-bufa.20,22-dienolide; cf. bufalin. 

Bufonidae [L. bufo. toad], A family of toads whose dermij 
glands secrete several kinds of pharmacologically active substances 
having a cardiac action similar to (hat of digitalis. 

bufotalin. The steroid of a bufotoxin (bufogenin). It is bufogenin 
B acetylaied a I the C- 16 OH. 

bufoten'ine, Mappine; 3-(2-dimethylaminoethyl)indoN5-ol; 
AWdimeihylserotin; a psychotomimetic agent isolated from the 
venom of certain toads. It raises the blood pressure by t 
vasoconstrictor action and produces psychic effects including 
hallucinations. It is also present in several plants and is one of the 
active principles of cohoba. 

bufotox'in. Vulgarobufotoxin; a toxic substance in venom of 
Bufa vulgaris, the common European toad; bufotalin esterified with 
suberylarginine at C-14 OH group. 

bufotox'ins. A group of steroid lactones (conjugates of bufoge- 
nin* and suberylarginine at C-14) of digitalis present in the venoms 
of the Bufonidae. Their effects are similar to but weaker than those 
of the bufagins. 

bug'gery [O.F. bougre* heretic]. Bestiality; sodomy. 
Buhl (boo)), Ludwig von. German pathologist, 1816-1880. Sec B.'i 
disease. 

Buist, Robert C, Scottish obstetrician. 1 g60-I939. See B/s meth- 
od. 

bulb (L. buJbus, a bulbous root}. I. Any globular or fusiform 
structure. 2. Medulla oblongata. 3. A short, vertical underground 
stem of plants such as scilla and allium. 

aortic b., bulbus aortae. 

arterial b. f bulbus aortae. 

carotid b., sinus caroticus. 

b. of corpus spongiosum, bulbus penis. 

dental b„ the papilla, derived from mesoderm, that forms tat 
part of the primordium of a tooth which is situated within the 
cup-shaped enamel organ. 

duode'nal b., duodenal cap. 

end b., one of the oval or rounded bodies in which the sensory 
nerve fibers terminate in mucous membrane. 

b. of eye, bulbus ocuti. 

hair b. t bulbus pill. 

Ju'gular b. t bulbus venae jugularis. 

Krause's end b., corpusculum bulboideum. 

b. of lateral ventricle, a rounded elevation in the dorsal p* 1 
or the medial wall of the posterior horn of the lateral ventrick 
produced by the forceps major. 

olfac'tory b., bulbus olfactorius. 

b. of penis, bulbus penis. 

rachld'lan b. v medulla oblongata 



Rouget's b., a venous pl< 
taste b„ calicuJus gustalc 
b. of ure'thra, bulbus rx 
b. of vestibule, bulbus v 
bulbar. 1. Relating to a bull 
medulla oblongata, 
bulbf'tis. Inflammation of 
buJbocap'nine [G. bolbos, 
An alkaloid from Corydalh 
Fumariaceae). Produces a si 
recommended in the treatmw 
disease, paralysis agitans, am 
bul'bocaverno'sus. See u 
bulboid [G. bolboeides. fr 
resemblance]. Bulb-shaped, 
bulbonu'clear. Relating to 
bulbopon'tine. Denoting t 
pons and the region of the m 
bulbosac'ral. Relating to 
segments of the spinal cord, 
bulbospin al. Relating to th 
particularly to nerve fibers in 
bulbourethral (buj'bo-u-re'i 
bulbus, gen. and pi. bull 
b. aor'tae [NA], aortic bulfc 
dilation where the truncus art< 
b. cordis, b. aortae. 
b. cornus posterior'is [N/ 
laieral ventricle of the brain; i 
of the posterior horn produce* 
of the corpus callosum as the 
lobe. 

b.oc'uli (NA], bulb of (he < 
proper without the appendage 

b. olfacto rius [NA], olfc 
anterior extremity of the olfac 
plate of the ethmoid and recc 




Olfactory 
bulb 



Cribriform 
plate of 
ethmoid 

Olfactory 
mucosa 



Bulbus 0 

v r-T 4 ? 0f olfo <*ory nm* 
fw r lowing neuronal rei 
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Williams & Wilkins Co., 

b. pe„is (NALbulbofcorpt 
^thrae ; the expanded poster 

, NAj.hair bulb; the lox 
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Main Entry: bud 
Pronunciation: 'b&d 
Function: noun 

Etymology: Middle English budde 
Date: 14th century 

1 ; a small lateral or terminal protuberance on the stem of a plant that may develop into a flower, leaf, or 
shoot 

2 : something not yet mature or at full development: as a : an incompletely opened flower b : cmuj , 
YOUTH c : an outgrowth of an organism that differentiates into a new individual : gemma : also : 
PRIMORDIUM 

- in the bud : in an early stage of development in the bud> 
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* generally or often considered vulgar 
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Main Entry: pri'mor-drum 
Pronunciation: -dE-&m 
Function: noun 

Inflected Form(s): /?/wra/_pri-mordia /-dE-&/ 
Etymology: New Latin, from Latin 
Date: 1671 

: the rudiment or commencement of a part or organ 
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Encyclopaedia Britannlca 



organogenesis 



organogenesis, 

in embryology, the series of organized integrated processes that transforms an amorphous 
mass of cells into a complete organ in the developing embryo. The cells of an 
organ-forming region undergo differential development and movement to form an organ 
primordium, or anlage. Organogenesis continues until the definitive characteristics of the 
organ are achieved . Concurrent with this process is histogenesis; the result of both 
processes is a structurally and functionally complete organ. The accomplishment of 
organogenesis ends the period during which the developing organism is called an embryo 
and begins the period in which the organism is called a fetus. See also histogenesis. 

O 1999-2000 Britanntca.com and Encyclopaedia Britannica, Inc. 
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Main Entry: orgaji 
Pronunciation: 'or-g&n 
Function: noun 

Etymology: Middle English, partly from Old English organa, from Latin organum, from Greek organon, 
literally, tool, instrument; partly from Old French organe, from Latin organum; akin to Greek ergon 
work — more at work 
Date: before 12th century 

1 a archaic : any of various musical instruments; especially : wind instrument b (1) : a wind 
instrument consisting of sets of pipes made to sound by compressed air and controlled by keyboards and 
producing a variety of musical effects — called also pipe organ (2) : REED ORGAN (3) : an instrument in 
which the sound and resources of the pipe organ are approximated by means of electronic devices (4) : 
any of various similar cruder instruments 

2 a : a differentiated structure (as a heart, kidney, lea£ or stem) consisting of cells and tissues and 
performing some specific ftmction in an organism b : bodily parts performing a function or cooperating in 
an activity organs> 

3 : a subordinate group or organization that performs specialized functions organs of government 

4 : PERIODICAL 




barrel organ 



Go To ■ : electric organ 
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SUMMARY OF MATERIALS 



EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 












C-l 


Science Dailv (American 
Heart Association), 1998, 
"Study is first ever to 
document protein therapy 
induces creation of new 
blood vessels to the human 
heart" 

SYNOPSIS: For the first 
time ever, growth factor 
inserted into the body 
grows a new vascular 
system. 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 


C-2 


Circulation, 1998. 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 


"Induction of 
neoangiogenesis in 
ischaemic myocardium by 
human growth factors: first 
clinical results of a new 
treatment of coronary heart 
disease" 

SYNOPSIS: Anew 


therapeutic concept and 
followup tests confirm a 
true de novo vascular 
system was formed . 
Vascular buds consisting of 
endothelial sprouts 

\vap uiai icsy wcic vlCdXctl* 

The capillaries grew further 
and differentiated into two- 
layered metarterioles. The 
process of organogenesis 
continued with the 
metarterioles differentiating 
into three-layered arterioles 
(arteries). 



1 



EXH. 
NO. 



MATERIAL AND DATE 



C-3 | Circulation. 1998, 

Editorial, "Angiogenic 
therapy of the human heart" 

SYNOPSIS : Basic 
research in a different field 
(cancer) purified 
angiogenic growth factors 
in the 1980's. A novel 
clinical application of these 
growth factors introduces a 
new modality-the 
regulation of blood vessel 
growth. 



SOFT 
TISSUE 



Editorial 



TECHNIQUE 



Editorial 



GROWTH 
FACTOR 



Editorial 



C-4 | NIH Press Release : 1999, 
'Growing New blood 
vessels with a timed-release 
capsule of growth factor is 
a promising treatment for 
heart bypass patients, finds 
NHLBI Study' 

SYNOPSIS : Researchers 
at Harvard Mecial School 
inserted timed-release 
capsules of basic fibroblast 
growth factor into [human] 
heart muscle to grow new 
blood vessels. 



Blood I Insertion of 
vessels to timed-release 
heart | capsule 



Basic fibroblast growth 
factor 



C-5 | The Lancet 1996, "Clinical 
Evidence of angiogenesis 
after arterial gene transfer 
of phVEGF in Patient with 
Ischaemic limb" 

SYNOPSIS : Growth factor 
plus living material 
(plasmid) inserted into the 
body with a gel carrier to 
grow new blood vessels in 
the leg of a patient. 



Blood 
vessels to 
leg 



Balloon 

Catheter/ 

hydrogel 



Vascular endothelial 
growth factor plus living 
material (plasmid) 



EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 


C-6 


U.S. Patent No. 5,652,225 
(1997) Parent application 
filed 10/04/94 

SYNOPSIS: The 


Formation 
of new 
blood 
vessels 


Balloon catheter/ 
hydrogel 


Angiogenic growth 
factors 


formation of new blood 
vessels in a human host by 
inserting a growth factor 
with a carrier into the body. 


C-7 


Harvard University 


Formation 
of new 
arteries in 
hearts 


Injection via 
tube (catheter); 
and implanted 
timed-release 
capsules 


Basic fibroblast growth 
factor 


Gazette. 1998. "New - 


Arteries Grown in Diseased 
Hearts" 

SYNOPSIS: Harvard 


Medical School researchers 
inject basic fibroblast 
growth factor through a 
carrier (tube) to grow new 
arteries in a human heart. 
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Source: American Heart Association (httv://wwH>.americanhearLorg/) 
Date: Posted 3/2/1998 

Study Is First Ever To Document Protein 
Therapy Induces Creation Of New Blood 
Vessels To The Human Heart 



DALLAS, Feb. 24 -- For the first time, scientists have published research 
evidence that recombinant protein therapy can create new blood vessels to 
increase blood supply to the human heart. The report from German 
scientists appears in today's Circulation: Journal of the American Heart 
Association. 



FGF-I, a human growth factor obtained through genetic engineering, was 
used in 20 patients with some form of ischemic or coronary heart disease, 
which results from blockages in the vessels leading to and from the heart.' 
By injecting the growth factor near the blocked vessels, the scientists were 
able to induce neoangiogenesis - the process by which the body can grow 
its own new capillary network to bypass occluded vessels. 

'This capillary network is a true de novo vascular system," says 
Thomas-Joseph Stegmann, MD., head of the department of thoracic and 
cardiovascular surgery at the Fulda Medical Center, Fulda, Germany. "We 
were able to use the recognized physiological effects of FGF-I to induce 
neoangiogenesis in the human ischemic heart." 

As early as four days after application of FGF-L the vascular structure 
around the diseased vessels was completely altered in all 20 of the 
patients. Like the spokes of a bicycle wheel, the new capillary vessels 
radiated outward from the point of injection, resulting in a twofold to 
threefold increase in blood flow to the heart, says the study's lead author. 

Researchers found, on average, the ejection fraction of the 20 patients 
improved from 50.3 percent to 63.8 percent in the three years following 
the procedure. Ejection fraction measures how much blood leaves the 
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10/25/00 628 PM 



heart with each beat and indicates how well the left ventricle - the heart's 
main pumping chamber - is functioning. 

In follow-up angiographic imaging of the patients, it was clear that the 
growth factor injection had stimulated the creation of a new vascular 
system, says Stegmann. Three months after the procedure, he and his 
colleagues examined angiograms - X-ray images of the heart - of both 
the treated and control (untreated) patients and found that no blockages 
had formed in the new vessels. 

All of the patients who received the FGF-I three years ago are still alive. 
The scientists report that no negative side effects have been seen in the 
patients who received the FGF-I. 

Elizabeth Nabel, MJD., an American Heart Association board member, has 
done extensive research in gene and recombinant protein therapy over the 
past 12 years. She says this new research is encouraging for cardiovascular 
surgeons. 

"It's a very important therapy for patients who have blocked arteries that 
are not amenable to bypass," says Nabel, professor of internal medicine 
and physiology and chief, division of cardiology at the University of 
Michigan. "This is not to say that bypass should be abandoned, but this 
research shows angiogenesis is a powerful therapy to be used with bypass 
surgery." 

The procedure is still experimental, but scientists say the use of FGF-I 
may particularly benefit patients whose blocked vessels cannot be treated 
by cardiac bypass operations. 

"At the moment, this procedure could not replace conventional bypass 
surgery," says Stegmann. "The question remains to be answered whether 
FGF-I or other growth factors are able to treat occlusions of greater 
coronary vessels, but currently, this is not possible." 

Scientists have used gene therapy to grow vessels in other parts of the 
body - such as in the legs in order to improve the health of patients who 
have blockages in lower leg blood vessels - but this is the first published 
account of the use of recombinant protein therapy to induce angiogenesis 
in human hearts. 

FGF-I was obtained from strains of Escherichia coli by genetic 
engineering, then isolated and highly purified the recombinant FGF-I 
protein. After several series of animal experiments demonstrated the 
potency of FGF-I, it was used in humans for the first time. 

When scientists create recombinant protein, they take the DNA of a 
growth factor (in this case FGF-I) and manipulate it into RNA 
(ribonucleic acid) by growing it in bacteria cultures in the laboratory. 
RNA is then manufactured into protein, which is isolated and purified 
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before it is injected into the hearts of patients. 

Twenty patients - 14 men and 6 women who were at least 50 years old - 
who had no prior history of heart attack or cardiac surgery had an 
operation to clear blockages in more than one vessel. All of them had 
stenosis - narrowed blood flow due to atherosclerosis - in their internal 
mammary artery/left anterior descending coronary artery. During the 
operative procedure, the growth factor protein - in a dosage of 0.01 
milligrams per kilogram of body weight - was directly injected into the 
heart muscle near the blockage. 

Prior to using the treatment in humans, the scientists performed several 
series of animal experiments, most specifically in ischemic rat hearts. 
Having found that the FGF-I injection worked in those animal models, the 
researchers theorized that it would also work in humans. 

Study co-authors are P. Pecher, M.D.; B.U. von Specht, MD. and B. 
Schumacher, M.D. 



Note: This story has been adapted from a news release issued by American Heart Association for 
journalists and other members of the public. If you wish to quote from any part of this story, please 
credit American Heart Association as the original source. You may also wish to include the 
following link in any citation: 

h Up: //www, sciencedailv. com/releases/ 1 998/03/9803 020 70 755. h tin 
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Induction of Neoangiogenesis in Ischemic Myocardium by 

Human Growth Factors 
First Clinical Results of a New Treatment of Coronary Heart Disease 

B. Schumacher, MD; P. Pecher, MD; B.U. von Specht, MD; Th. Stcgmann, MD 
Baekffound-thc present article is a report of our animal experiments and also of the first clinical results of a new treatment for 
ShenSrn^dh^ ^ ^ ^ ^ ^ &Ct ° r) t0 mduce "Oogenesis in the 

MeAcds and H««to-FGF-I was obtained from strains o(Bchemhia coliby genetic engineering, then isolated and highly purified 
Several senes of arumal experiments demonstrated the apathogenic action and neoangiogenic potency of this 6ctor. After 
successfiil conclusion of the animal experiments, it was used clinically for the first time. FGF-I (0.01 mg/kg body weight) was 
injected dose to the vessels after the completion of internal mammary artery (IMA)/left J^J,J£ 
(LAD) anastomoas m 20 paoens with three-vessel coronary disease. All the patients had additional peripheral stenoS of the 
LAD or one of * dugonal branches. Twelve weeks late, the IMA bypasses were selectively imaged by intra-arterial digS 
subtraction ang,ognphy and quantitatively evaluated. In all the animal experiments, the development of new vessels in Ae 
ischemic myocardium could be demonstrated angiography. The formation of capillaries could also be demonstrated in 
humans and was found m all cases around the site of injection. A capillary network sprouting from the proximal pan of the 
coronary artery could be shown to have bypassed the stenoses and rejoined the distal pare of the vessel 

suitable for parents with additional penpheral stenoses that cannot be ^vascularized surgically. {Gradation. 1998;97:645-650.) 
Key Words: growth substances ■ angiogenesis ■ coronary disease 
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For the cardiac surgeon who is attempting to treat CHD, the 
use of sections of autologous blood vessels as bypass materia! is 
subject to severe limitations. Autologous arterial conduits are in 
short supply, and segments of the saphenous vein do not remain 
patent for very long. 1,2 Furthermore, "complete" revascularization 
is limited if difiusc coronary arteriosclerosis is present and exten- 
sive, especially if there are additional peripheral stenoses, 

See p 62 8 

In the search for alternative and/or additional treatment for 
improving the long-term prognosis, especially in diffuse CHD, 
attention has recently been directed toward natural angiogene- 
sis.** Growth fcctors, especially FGF-I, have recently become of 
major importance because they can induce angiogenesis. 1,10 *" 

Girnenea-Gallego et al 1 5 succeeded in duddating the biochem- 
ical structure of FGF-I in 1985. Jaye et aI M isolated human FQF-I 
fiom brain tissue in 1986. In 1991, Forough and coworkers" 
successfully used the technique of gene transfer to introduce the 
information for expressing human FGF-I into apathogenic Esdt- 
eridtia coli 

Our aim was to evaluate the information currendy available 
on the biological effect of angiogenetic growth factors in 
animals and, if appropriate, to use human growth factor for the 



treatment of CHD. This involved (1) the production of human 
growth factor by genetic engineering, followed by its isolation, 
characterization, and purification; (2) using animal experiments 
to establish its angiogenetic potency and to exclude any 
possible pathogenic effect; and (3) using FGF-I clinically as an 
adjunct to coronary surgery and to demonstrate neoangiogen- 
esis in the ischemic human myocardium. 

Methods 

Production and Purification of FGF-I 
The production and purification of human FGF-I is a biochemically 
elaborate technique The individual experimental steps have been 
reported elsewhere. 4 * 7 

Genetic engineering was used to produce human FGF-I from 
apathogenic strains of E coli, a plasmid containing the genetic 
mformaaoh being introduced into die microorgaiusrns.' 5 These were 
kindly provided by Prof T. Maciag (Laboratory of Molecular Biology, 
American Red Cross, RockviUe, Md). After production, FGF-I was 
e uted by heparin sepharose column chromatography, and several 
eluuon fractions were collected and purified by dialysis. Positive 
protein elution fractions were identified in the BIO-RAD assay' by 
SDS-PAGE." and the biochemical isolation of FGF-I was confirmed 

»d?S .^ Cm r bl0t mcthod " Furthcr Purification was obtained by 
HPLC. The factors were lyophilized and stored at -32»C and 
diluted to 1 mL with NaCl solution containing 500 IU of heparin 
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Selected Abbmktioos tod Acronyms 




CHD 


■ corona iy heart disease 




EDP 


*■ electronic data processing 




FGF 


- bask fibroblast growth fcctor 




HPLC 


" high-pressure liquid chromatography 




IMA 


■» internal mammary artery 




LAD 


B left anterior descending coronary artery 





15- 



Chorioallantoic Membrane Assay 
This established method, which provides a direct demonstration of the 
effect of growth factors on living tissue, was used to investigate the 
angiogenedc effect of FGF-L 1 ** 20 The growth of the allantoic systems 
can be directly observed by light microscopy. After incubation of 20 
fertilized hen eggs for 13 days, the growth (actor was applied to the 
membrane and covered with tissue culture coverslips. Four days later, 
the membrane was examined under the ligfrt microscope and directly 
compared with controls untreated with FGF-I or treated with 
heat-denatured FGF-I (70°C for 3 minutes). 

Exclusion of the Pyrogenicity of FGF-I 
Varying concentrations of FGF-I (0.01, 0.5, or 1.0 mg/kg body 
weight) were injected subcutaneously, intramuscularly, or intrave- 
nously into 27 New Zealand White rabbits, the solvent alone being 
used for an additional 13 controls. Thereafter, the rectal temperature 
was taken every half hour for 3 hours, hourly for the rest of the day, 
and every 8 hours for 12 days. A dairy white cell count was also 
repeated for 12 days (see "Results"). In addition to this, the erythro- 
cyte sedimentation rate and the C-reactive protein values were 
determined on the 3rd, 6th, 9th, and 12th days after the injection. ' 

Confirmation of the Angiogenetic Potency of 
FGF-I in Animal Experiments 

Supplementary to our earlier experiments/- 7 the effect of FGF-I was 
also investigated in the ischemic hearts of inbred Lewis rats (a total of 
275 animals, including 125 controls treated with heat-denatured 
FGF-I, 70°C for 3 minutes). The pericardium was opened via the 
abdominal wall and diaphragm, and two titanium clips were inserted 
at the apex of the left ventricle to induce myocardial ischemia. Growth 
factor (mean concentration of 10 /ig) was then injected locally into the 
site. The coronary vessel system was imaged by aortic root angiogra- 
phy after 12 weeks and, finally, a specimen from the same myocardial 
region was evaluated histologically. 

Clinical Use of FGF-I in Patients With CHD 
This study was approved by the Medical Research Commission at the 
Phillips University of Marburg on August 10, 1993 (No. 47/93). This 
is the usual ethics commission for our hospital. Twenty patients 
without any history of infirction or cardiac surgery (14 men and 6 
women; ininimum age, 50 years) were subjected to an elective bypass 
operation for multivessel coronary heart disease. The growth fitctor 
was applied directly during the operation. As a control group, 20 
patients who underwent the same procedure were given heat- 
denatured FGF-I <70°C for 3 minutes). The choice of treatment was 
completely random, the names being placed in sealed envelopes and 
selected in a blinded manner. 

The details, nature, and aims of this procedure were explained 
beforehand to every patient who underwent the operation. In all cases 
we received their fully informed consent. Both groups of patients were 
closely comparable with regard to clinical symptoms, accompanying 
disorders, cardiovascular risk factors, ventricular function, sex, and age. 
A comparable coronary morphology was found in both groups. 

All patients had a further stenosis in the distal third of the LAD or 
at the ongin of one of its branches in addition to a severe proximal 
stenosis. The mean ejection fraction of the left ventricle for all patients 
was 5096. The operative procedure for coronary revascularization with 
autologous grafts (an average per patient of 2 to 3 venous bypasses and 
1 from the left IMA) was routinely performed. FGF-I (mean concen- 



Figure 1. Intraoperative administration of growth factor. 

cation, 0.01 mg/kg body weight) was injected into the myocardium 
distal to the IMA/LAD anastomosis and close to the LAD, during the 
maintenance of the extracorporeal circulation and after completion of 
the distal anastomoses (Fig 1). In the control group, heat-denatured 
FGF-I was substituted for FGM. After 12 weeks, the IMA bypasses of 
all the patients were imaged selectively by transfemoral, intra-arterial, 
and digital subtraction angiography. 

Angiograms obtained in this way were evaluated by means of 
EDP-assisted digital gray-value analysis, a universally recognized and 
weD-established technique for demonstrating capillary neoangiogen- 
esis. ' Sites of interest both with and without FGF-I (meaning 
heat-denatured FGF-I) were selected in the vessels filled with contrast 
medium and in regions of the myocardium distal to the IMA/LAD 
anastomosis. One hundred pixels were selected from each site of 
interest and analyzed digitally. Complete blackening of the x-rav films 
was rated with a gray value of 1 50, and areas without blackening of the 
film were allotted a zero value. During the first 5 postoperative days 
separate laboratory checks in addition to the routine postoperative 
follow-up procedures were made twice daily, and the temperature 
checked three times a day. 

Results 

After separation, purification, and stabilization, we were able to 
isolate human FGF-I in all 40 bacterial cultures and demon- 
strate its high degree of purity. Fig 2 shows an HPLC profile of 
the growth actor after routine purification. The peak values at 
the beginning and end of the profile represent impurities that 
could be identified as E coli proteins. FGF-I could be further 
separated by fractionated collection, and the control HPLC 
(Kg 3) merely shows the peak value of this fraction on an 
otherwise even baseline. 
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ncjurc 12. HPUJ profile before high purification. HBGF-I indi- 
cates human FGF-I; %E, extinction. 
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tfgure 3. HPLC profile after high purification. HBGF-I indicates 
human FGF-I; %E, extinction. 

In the chorioallantoic membrane assay, the angiogenetic po- 
tency of FGF-I could be demonstrated in vivo. As early as 4 days 
after application of the Ector, the vascular structure of the 
membrane was completely altered. Emanating radially from the 
site of application, an unequivocal growth of new vessels from the 
original host vessels had grown out into the periphery (Fig 4A). 
These structures were completely absent from the control group, 
and a normally developed reticular vascular pattern could be 
discerned (Fig 4B). 

Pyrogcnic effects of the human growth factor produced in this 
way could be definitively ruled out in the animal model. There 
was no significant rise of body temperature when checked at short 
intervals and no trace of an inflammatory reaction in comparison 
with the control group (n=13) in any of the 27 test animals 
during the period of observation. This result was independent of 
the concentration and the route of administration (intravenous, 
subcutaneous, or intramuscular) of the factor. 

Earlier investigations into the application of FGF-I to the 
nonischemic rat heart made it possible to demonstrate neoan- 
giogenesis both histologically and angiographically after 9 
weeks in 1 1 of 12 test animals after the implantation of a tissue 
bridge pretreated with growth factor between the heart and 
thoracic aorta. In the control group without FGF-I (n=6), no 
signs of induced neoangiogenesis could be found. 4,7 

Unequivocal proof of induced neoangiogenesis was also found 
in the ischemic rat heart. In the test animals, in which myocardial 
wJntnia had previously been induced with titanium dips and 
growth factor had subsequently been injected into the myocardi- 
um, a manifest accumulation of contrast medium was shown by 
aortic angiography at the site of the FGF-I injection 12 weeks later 
(Fig 5A), whereas such an accumulation of contrast medium did 
not appear in any of the control animals (Fig 5B). Histological 
examination of the myocardium revealed a threefold increase in 
the capillary density per square rnillimeter around the site of the 
FGF-I injection. 

When the growth factor FGF-I was used clinically for the first 
time on the human heart, neoangiogenesis together with the 
development of a normal vascular appearance could be demon- 
strated angiographically, exactly as in the earlier animal experi- 
ments. 4 * 7 Selective imaging of the IMA bypasses by intra-arterial 
digital subtraction angiography confirmed the following result in 
all 20 patients: at the site of injection and in the distal areas 
supplied by the LAO, a pronounced accumulation of contrast 




10 ng HBGF-I 




without HB(,I -I 

Figure 4. A, Chorioallantoic membrane assay with application 
of the growth factor. B, Chorioallantoic membrane assay of the 
control group. HBGF-I indicates human FGF-I. 



medium extended peripherally around the artery for -*3 to 4 cm, 
distal to the IMA/LAD anastomosis (Fig 6A). In the control 
angiograms of patients to whom only heat-denatured FGF-I had 
been given, the IMA/ LAD anastomosis was also recognizable, but 
the accumulation of contrast medium described above was absent 
(Fig 6B). The angiograms of both the treated and control groups 
were recorded at a rate of four images per second, and these show 
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Figure a A, Administration of the growth factor In ischemic rat 
heart with a dearly discernible accumulation of contrast medium at 
the site of Injection. B, No discernible accumulation of contrast 
medium In the control group. HBGF-I Indicates human FGF-I. 

comparable distances between the beginning of the injection and 
visualization of the medium. 

At the site of injection of the FGF-I, a capillary network 
could be seen sprouting out from the coronary artery into the 
myocardium. This enabled retrograde imaging of a stenosed 
diagonal branch to be performed (Fig 7A). Such "neocapillary 
vessels" can also provide a collateral circulation around addi- 
tional distal stenoses of the LAD (Fig 7B) and bring about 




without I llU.r-! 

Figure 6. A, Angiography after Injection of the growth factor 
into the human heart shows a pronounced accumulation of con- 
trast medium compared with the control group. B, Angiography 
in the control group does not show any Increased accumulation 
of contrast medium around the IMA/LAO anastomosis HBGF-I 
indicates human FGF-I. 

retrograde filling of a short segment of the artery distal to the 
stenosis. In none of the angiograms of the treated patients taken 
12 weeks after the operation were any new stenoses of the 
LAD detectable. 

The results of EDP-assisted digital gray value analysis for 
quantification of the neoangiogenesis (Fig 8) gave a mean gray 
value of 124 for the vessels. The control myocardium reached 
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Figure 7. A, Collateral izatlon of stenoses (arrow): a diagonal 
branch occluded Just distal to its origin is filled through the 
newty grown capillaries. B, Collateralization of stenoses (arrow) 
by newty grown capillaries: the peripherally stenosed LAO is 
filled through these vessels. HBGF-I indicates human FGF-I. 



a gray value of only 20, and that of the myocardium injected 
with FGF-I gave a value of 59 (Fig 8). 

Discussion 

Normal capillaries have a cell population with a low turnover rate 
of months or years. On occasion, however, a high turnover rate 
of this cell population is possible even under physiological 




Figure a Quantitative gray value analysis of contrast medium 
accumulation in the angiography shows a twofold to threefold 
increase in the local blood flow at the site of Injection. HBGF-I 
indicates human FGF-I. 



conditions, and this naturally leads to the rapid growth of new 
capillaries and other blood vessels. Such a physiological process 
occurs in the development of the placenta, in fetal growth, and in 
wound healing, as well in the formation of collaterals in response 
to tissue ischemia. "Angiogenedc growth factors," which are 
biochemically polypeptides, axe essential for such processes as 
capillary growth or neoangiogenesis. These growth &ctors (for 
instance, the human heparin-binding FGF-I) bring about their 
effect by significandy increasing cell proliferation, differentiation, 
and migration via a high-affinity receptor system on the surfaces of 
the endothelial ceUs. 8 - 10 -' 2 

During the last few years, several working groups have been 
able to establish indications for the effective use of growth factors 
to improve blood flow in the presence of tissue ischemia in animal 
experiments. 3 **" 27 Yanagisawa-Miwa et af succeeded in demon- 
strating a significant collateralization together with reduction in 
the size of the infarct after intracoronary administration of growth 
factor in rabbits. Baffour et al 3 also observed a significant formation 
of collaterals in ischemic extremities after growth factor adminis- 
tration in animals. Albes et al 27 produced a distinct improvement 
in the blood flow in ischemic tracheal segments implanted 
subcutaneously in rabbits by injecting growth factor-enriched 
fibrin glue locally. 

After growth factor was injected into the ischemic rat heart, 4,7 
we were able to observe induced neoangiogenesis and confirm it 
angiographicafly. We were also able to prove histologically that 
this neoangiogenesis brings about the development of new 
vascular structures with a three-layered vessel wall. Angiographic 
imaging confirmed that these are anatomically normal capillaries 
and other blood vessels. 

The production of human FGF-I by our molecular biological 
method has proved to be a complex but readily reproducible 
procedure. From the hactrrial cultures, we are able to isolate the 
factor as a pure substance in sufficient quantities. By in vitro assay and 
as a result of extensive animal experiments, we were able to exdude 
the possible pyrogenic effects of FGF-I. 

In earlier animal experiments, 4 we were able to demonstrate the 
proliferative and mitogenic effects of the growth factor on human 
saphenous vein endothelial cells. Endothelial cell cultures with 
added growth factor induced a confluent monolayer after only 5 
to 9 days, whereas the monolayer was not complete before 7 to 1 1 
days in .the control group. In addition to detamining the total cell 
count with a cell counter, we also confirmed this result by 
analyzing the rate of DNA synthesis by measuring the incorpo- 
ration of 3 H-mymidine into the endothelial cell nuclei using the 
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method of Magsbcun and Shing* The cell proliferative potency 
of FGF-I could be further intensified by adding heparin, a 
gtycosaorinoglycan protecting the growth fictor from tnactivatxon 
by cellular enzymes and from heat and chemical denaturarion. 29 
On the basis of these in vitro and in vivo experiments, we 
established for the first time the efficacy ofFGF-I forthe treatment 
of CHD, and were able to demonstrate that it can induce 
neoangiogenesis in situ in the ischemic human heart This 
possibility has been widely discussed for many years but never 
before attempted. 

A dense capillary network appeared around the site of injection 
of the factor in the myocardium of all our treated patients. This 
capillary network is a true de novo vascular system. Emerging 
from the proximal segment of the LAD, it sprouts out into the 
surrounding myocardium, bringing about a twofold to threefold 
increase in the local blood supply through these newly formed 
functional vessels. We were able to use the recognized physio- 
logical effects of FGF-I (as they occur in the repair mechanism of 
wound healing or in collateralization of ischemic tissue) to induce 
neoangiogenesis in the human ischemic heart. 

We also consider that administration of FGF-I (produced in 
this way by genetic engineering), combined with operative 
myocardial revascularization, may well be an especially appropri- 
ate treatment for patients with additional peripheral stenoses that 
cannot be treated surgically. 

In our opinion, neoangiogenesis induced by FGF-I opens up 
new possibilities for the treatment of ischemic myocardial disease. 
Furthermore, it could become a new therapeutic concept in the 
management of diffuse CHD after alternative methods of admin- 
istration have also been developed. This method of inducing 
neoangiogenesis is also conceivable as a therapeutic option in 
other regions of the cardiovascular system in which arterial 
occlusion has led to ischemia, 30 However, before any such 
possibilities are realized, many more clinical investigations will 
have to be performed. 
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Editorial 



Angiogenic Therapy of the Human Heart 

Judah Folkman, MD 



The field ofangiogenesis research was initiated 27 years ago 
by a hypothesis that tumors are angiogeneas-dependent. 
Shortly thereafter, in the early 1970s, it became possible to 
passage vascular endothelial cells in vitro for the first time. 
Bioassays for arigjogenesis were developed subsequently thro^ 
out that decade. The carry 1980s saw the purification of the first 
angiogenic factors ~ By the mid-1980s, angjogenesis inhibitors 
begin to be discovered" Translation of these laboratory findings 
to ctnical application started in 1989, when interferon alra was 
fine used for the treatment of bte-threatcrung hcrrungiomas in 

infants. 1 *" 12 

See p 645 

Clinical applications of anagenesis research are being 
pursued along three general lines: (1) prognostic markers in 
cancer patients,* 14 (2)' antiangiogenic therapy (for review, sec 
Reference 15), and (3) angiogenic therapy. The first angio- 
genic therapy of ischemic vascular disease was the administra- 
tion of vascular endothelial growth factor (VEGF)/vascular 
permeability factor to patients with severe peripheral vascular 
disease in the lower limbs." 

In a landmark paper, Schumacher and colleagues now report 
the first angiogenic therapy of human coronary heart disease. 
It is an important study, not only because the authors describe 
how they produced their own recombinant human fibroblast 
growth tactor-1 (FGF-l, also called acidic fibroblast growth 
factor) and tested it in vitro and in vivo but also because they 
conducted a randomized controlled clinical triaL In 20 patients 
with three-vessel coronary artery disease who underwent two 
or three venous bypass grafts and one from the internal 
mammary artery, the angiogenic protein FGF-1 was injected 
into the inyctcardium close to the left anterior desce nd ing 
coronary artery and distal to its anastomosis with the internal 
mammary artery. FGF-1 was injected during extracorporeal 
surgery and again after completion of the anastomosis. Trans- 
femoral intra-arterial digital subtraction angiography 12 weeks 
later showed coronary artery neovascularization extending out 
from the area of FGF-1 injection. Stenoses distal to the 
anastomosis were bridged by neovascularization- This was 
tfrylar co the neovascularization observed by the authors in rat 
hearts injected with FGF-1. Histological sections of rat myo- 
cardium showed a threefold increase in microvessel density. In 
20 patients undergoing similar coronary artery bypass surgery 
in whom inactivated FGF-1 was injected, there was no 
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evidence of myocardial neovascularization on the 12-week 

an 5n 6 Xnagc of this approach is that it induces local 
angiogenesis and appears to avoid high levels of circulating 
angiogenic activity that could possibly stimulate plaque angio- 
genesis and secondary plaque growth. Why does neovascular- 
ization persist for at least 12 weeks after only a single set of 
intramyocardial injections of the angiogenic protein? Perhaps 
persistent neovascularization was facilitated by upregulation of 
VEGF and its receptors in hypoxic tissue. 1 * Furthermore, basic 
FGF and VEGF are synergistic mitogens for endothelial cells in 
vitro. 19 " 20 Also. FGF can increase expression of (or mobflite) 
VEGF. 21 

This report uses primarily anatomic studies to demonstrate 
increased myocardial neovascularization after angiogenic ther- 
apy. We look forward to the follow-up of these patients to 
leam whether they have significant functional improvement 
compared with the control group of patients who received 
inactive FGF. It may be difficult to discriminate the extent to 
which functional improvement is due to the angiogenic 
therapy per se, despite use of a control group, because of the 
concornitant internal nummary artery anastomosis and the 
relatively small number of patients in this study. Nevertheless, 
the angiographic documentation of myocardial revasculariza- 
tion suggests that functional improvement should follow. 

Although major therapeutic advances in cardiology have 
been based on the general principles of control of blood 
pressure, regulation of cardiac rhythm, enhancement of myo- 
cardial contractile strength, increased diameter of narrowed 
coronary arteries, and lysis of intravascular thromboses, the 
report by Schumacher et al mtroduces a new modality, the 
regulation of blood vessel growth, If angiogenic therapy of the 
myocardium continues to live up to its potential as indicated 
by this report, we may witness novel refi n em e nts in future 
years as the molecular biology of endothelial cell and smooth 
ceU growth is gradually uncovered. For example, the thera- 
peutic induction of coronary arterial collaterals may someday 
be optimized by administration of appropriate mixtures of 
molecules mat target different components of the vasculature, 
ie, the FGFs are mitogenic for vascular endothelial cells and 
smooth muscle, VEGF 21 is mitogenic primarily for endothelial 
cells, angiopoietin-1 mediates the recruitment of smooth 
muscle cells to the wall of new vessels, 0 and angiopoiedn-2 
appears to prevent or downregulate smooth muscle apposition 
to the watts of microvesseis. 24 It is interesting that the meth- 
odology to discover these different vascular cell growth pro- 
teins emerged largely from investigations of mechanisms of 
tumor angiogenesis in studies tunded primarily by the National 
Cancer Institute over many years. The report by Schumacher 
et al illustrates how unpredictable arc the clinical applications 
that may arise from basic research in a cHfierent field 
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Growing New Blood 
Vessels with a 
Timed-Release Capsule of 
Growth Factor is a 
Promising Treatment for 
Heart Bypass Patients, 
Finds NHLBI Study 

By The National Heart, Lung, and Blood 
Institute 

Heart bypass patients treated with a 
timed-release capsule of a 
substance that promotes the growth 
of new blood vessels showed 
evidence of improved blood supply 
and heart function, according to a 
study supported by the National 
Heart, Lung, and Blood Institute 
(NHLBI) of the National Institutes of 
Health. 

"Growing" blood vessels, a strategy 
called angiogenesis, is a promising 
experimental treatment for blocked 
arteries in bypass surgery patients 
for whom surgery alone would not 
adequately restore blood flow to the 
heart. 

Dr. Michael Simons and colleagues 
at Harvard Medical School inserted 
timed-release capsules of basic 
fibroblast growth factor (bfGF) into 
the heart muscle of patients 
scheduled for bypass surgery. 
Patients received either a 10 
microgram (meg) or 100 meg dose 
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of the substance. Other patients 
received a harmless placebo capsule 
at the time of surgery. The relatively 
small study (24 patients total) was 
designed to test the safety and 
effectiveness of the procedure. 

The study, published in the 
November 2, 1999 issue of 
Circulation, found that there were 
no serious adverse effects of the 
treatment. Both magnetic resonance 
imaging (MRI) and nuclear stress 
testing were used to evaluate 
changes in blood flow. Stress tests 
showed a worsening of blood flow in 
the placebo group, no change in the 
10 meg. group and significant 
improvement in patients receiving 
100 meg. MRI results showed clear 
improvement in blood flow in 
patients given 100 meg. Patients in 
the highest dose group were free of 
angina (chest pain) but some 
patients in the placebo and low-dose 
group experienced chest pain. 

Simons and colleagues note that a 
larger (Phase II,) multi-center study 
of this approach is currently 
underway. 

The National Heart, Lung, and Blood 
Institute of The National Institutes of 
Health. Press Release: Growing New 
Blood Vessels with a Timed-Release 
Capsule of Growth Factor is a 
Promising Treatment for Heart Bypass 
Patients, Finds NHLBI Study. November 
1, 1999. (Online) 
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Methods and products for nucleic acid delivery 



Abstract 



The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, including antisense DNA or RNA. The nucleic acid may encode hormones, enzymes, 
receptors or drugs of interest. The nucleic acid is selected based upon the desired therapeutic 
outcome. For example, in the treatment of ischemic diseases, one would select a DNA encoding an 
angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle such as cationic 
liposomes and adenoviral vectors. DNA encoding different proteins may be used separately or 
simultaneously. 
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This is a continuatio n of application Ser. No. 08/318,045 filed on Oct. 4, 1994 now abandoned. 

Claims 



1 A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host, comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with a first DNA encoding an angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 
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growth factor, platelet-derived growth factor, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor and having an operably linked secretory signal sequence or a first DNA 
encoding a modified angiogenic protein selected from the group consisting of acidic and basic 
fibroblast growth factors, vascular endothelial growth factor, epidermal growth factor, transforming 
growth factor .alpha, and .beta., platelet-derived endothelial growth factor, platelet-derived growth 
factor, tumor necrosis factor .alpha., hepatocyte growth factor and insulin like growth factor having an 
operably linked secretory signal sequence, wherein said angiogenic protein induces new blood vessel 
formation when expressed in said target tissue in an amount effective to induce new blood vessel 
formation, 

2. The method of claim 1, wherein the angiogenic protein is vascular endothelial growth factor. 

3. The method of claim 1, wherein the hydrogel polymer is selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. 

4. The method of claim 1, wherein the hydrogel polymer is a polyacrylic acid polymer. 

5. The method of claim 1, wherein the hydrogel polymer is admixed with a second DNA encoding an 
angiogenic protein selected from the group consisting of acidic and basic fibroblast growth factors, 
vascular endothelial growth factor, epidermal growth factor, transforming growth factor .alpha. 

and .beta., platelet-derived endothelial growth factor, platelet-derived growth factor, tumor necrosis 
factor .alpha., hepatocyte growth factor and insulin like growth factor and having an operably linked 
secretory signal sequence or a second DNA encoding a modified angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 
growth factor, platelet-derived growth factor, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor having an operably linked secretory signal sequence, wherein said 
angiogenic protein induces new blood vessel formation when expressed in said target tissue in an 
amount effective to induce new blood vessel formation, and wherein said second DNA is not the same 
as said first DNA. 

6. A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host, comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with DNA encoding vascular endothelial growth factor and which is 
expressed in an amount effective to induce new blood vessel formation 

Description 



FIELD OF THE INVENTION 

The present invention relates to delivery of nucleic acid to arterial cells and compositions therefor. 
BACKGROUND OF THE INVENTION 

Work from several laboratories (Nabel, et al., Science, 249:1285-1288 (1990); Lim, et al., Circulation, 
83:2007-201 1 (1991); Flugelman, et al., Circulation, 85:1 1 10-1 117 (1992); Leclerc, et al., J. Clin. 
Invest., 90:936-944 (1992); Chapman, et al., Circ. Res., 71: 27-33 (1992); Riessen, et al., Hum. Gene 
Ther., 4: 749-758 (1993); and Takeshita, et al, J. Clin. Invest., 93:652-661 (1994), has demonstrated 
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that recombinant marker genes could be transferred to the vasculature of live animals. 

Gene delivery systems employed to date have been characterized by two principal components: a 
macrodelivery device designed to deliver the DNA/carrier mixture to the appropriate segment of the 
vessel, and microdelivery vehicles, such as liposomes, utilized to promote transmembrane entry of 
DNA into the cells of the arterial wall Macrodelivery has typically been achieved using one of two 
catheters initially developed for local drug delivery: a double-balloon catheter, intended to localize a 
serum-free arterial segment into which the carrier/DNA mixture can be injected, or a porous-balloon 
catheter, designed to inject gene solutions into the arterial wall under pressure. Jorgensen et al., 
Lancet 1:1 106-1 108, (1989); Wolinsky, et al., J. Am. Coil. Cardiol., 15:475-485 (1990); March et al., 
Cardio Intervention, 2:1 1-26 (1992)); WO93/00051 and WO93/00052. 

Double balloon catheters are catheters which have balloons which, when inflated within an artery, 
leave a space between the balloons. The prior efforts have involved infusing DNA-containing material 
between the balloons, allowing the DNA material to sit for a period of time to allow transfer to the 
cells, and then deflating the balloons, allowing the remaining genetic material to flush down the artery. 
Perforated balloons are balloons which have small holes in them, typically formed by lasers. In use, 
fluid containing the genetic material is expelled through the holes in the balloons and into contact with 
the endothelial cells in the artery. These gene delivery systems however, have been compromised by 
issues relating to efficacy and/or safety. 

Certain liabilities, however, inherent in the use of double-balloon and porous balloon catheters have 
been identified. For example, neither double-balloon nor porous balloon catheters can be used to 
perform the angioplasty itself. Thus, in those applications requiring both angioplasty and drug delivery, 
e.g., to inhibit restenosis, two procedures must be preformed. Additionally, the double balloon 
typically requires long incubation times of 20-30 min., while the high- velocity jets responsible for 
transmural drug delivery from the porous balloon catheter have been associated with arterial 
perforation and/or extensive inflammatory infiltration (Wolinsky, et al., J. Am. Coil. Cardiol., 15:475- 
481 (1990). 

SUMMARY OF THE INVENTION 

It has now been discovered that nucleic acids can be delivered to cells of an artery or blood vessel by 
contacting the cells with a hydrophilic polymer incorporating the nucleic acid, thus avoiding the use of 
a double-balloon or porous balloon catheter and the problems associated with such delivery systems. It 
has also been demonstrated that, unexpectedly, the percentage of transduced arterial cells is 
significantly higher using the present invention compared with use of a double-balloon catheter. 

By "arterial cells" is meant the cells commonly found in mammalian arteries, including endothelial 
cells, smooth muscle cells, connective tissue cells and other cells commonly found in the arterial 
structure. 

By "nucleic acid" is meant DNA and RNA, including antisense DNA or RNA. 

It has further been discovered that a DNA encoding an angiogenic protein (a protein capable of 
inducing angiogenesis, i.e., the formation of new blood vessels), delivered by the method of the 
present invention is expressed by the arterial cell and induces angiogenesis in tissues perfused by the 
treated blood vessels. This allows for the treatment of diseases associated with vascular occlusion in a 
variety of target tissues, such as limb ischemia, ischemic cardiomyopathy, myocardial ischemia, 
cerebral ischemia and portal hypertension. 
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The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, DNA and RNA, including antisense DNA or RNA. The DNA may encode hormones, 
enzymes, receptors or drugs of interest. The nucleic acid is selected based upon the desired 
therapeutic outcome. For example, in the treatment of ischemic diseases, the genetic material of choice 
is DNA encoding an angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle 
such as cationic liposomes and adenoviral vectors. DNA encoding different proteins may be used 
separately or simultaneously. 

The hydrophilic polymer is selected to allow incorporation of the nucleic acid to be delivered to the 
arterial cell and its release when the hydrophilic polymer contacts the arterial cell. Preferably, the 
hydrophilic polymer is a hydrogel polymer. Other hydrophilic polymers will work, so long as they can 
retain the genetic material of the present invention, so that, on contact with arterial cells, transfer of 
genetic material occurs. 

Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. The hydrogel polymer is preferably 
polyacrylic acid. , 

Without wishing to be bound by theory, one reason that the use of hydrogel, and particularly with 
hydrogel coated balloon catheters, is believed to provide improved results over, for example, prior 
treatments with double balloon catheters, is that the use of standard balloon catheters with hydrogel 
surfaces causes the hydrogel not only to contact the endothelial cells which line the interior of the 
arteries, but also displaces the endothelial cells sufficiently to permit contact between the hydrogel and 
the smooth muscle cells which underlie the endothelial cell layer. This permits expression of 
polypeptides in different arterial cell types, which enhances the kinds and amounts of therapeutic 
polypeptides which can be produced in accordance with this invention. For example, as indicated in 
the examples below, the present method successfully produces sufficient amounts of vascular 
endothelial growth factor (VEGF) to cause angiogenesis downstream from a DNA/arterial contact 
point, despite the fact that VEGF is not normally produced even by transformed endothelial cells, but 
is produced by smooth muscle cells of the type that surround the endothelial cells in the artery. 

The arterial cell may be contacted with the hydrophilic polymer incorporating the DNA by means of an 
applicator such as a catheter which is coated with the DNA-bearing hydrophilic polymer. Preferably, 
the applicator can exert some pressure against the arterial cells, to improve contact between the 
nucleic acid-bearing hydrophilic polymer and the arterial cells. Thus a balloon catheter is preferred. 
Preferably, the hydrophilic polymer coats at least a portion of an inflatable balloon of the balloon 
catheter. 

The present invention further includes compositions comprising hydrophilic polymers incorporating 
nucleic acid. Preferably the hydrophilic polymer is a hydrogel and the nucleic acid is DNA which 
encodes an angiogenic protein. 

The present invention also provides kits for application of genetic material to the interior of an artery 
or similar bodily cavity, comprising a substrate, such as a catheter or a suitably shaped rod, and a 
source of genetic material comprising the DNA coding for the desired therapeutic polypeptide. 
Preferably, the present invention is directed to a catheter adapted for insertion into a blood vessel, 
having a balloon element adapted to be inserted into the vessel and expandable against the walls of the 
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vessel. At least a portion of the balloon element is defined by a coating of a hydrophilic polymer, and 
incorporated within the hydrophilic polymer coating, a nucleic acid to be delivered to the arterial cell 
The hydrophilic polymer is preferably a hydrogel polymer, most preferably a hydrophilic polyacrylic 
acid polymer. 

The present invention also provides a method for inducing angiogenesis in a desired target tissue, 
comprising delivering a DNA encoding an angiogenic protein to an arterial cell in an artery or blood 
vessel perfusing the target tissue. 

Other aspects of the invention are discussed infra. 

As used herein the term "angiogenic protein" means any protein, polypeptide, mutein or portion 
thereof that is capable of inducing the formation of new blood vessels. Such proteins include, for 
example, acidic and basic fibroblast growth factors (aFGF and bFGF), vascular endothelial growth 
factor (VEGF), epidermal growth factor (EGF), transforming growth factor .alpha, and .beta. (TGF- 
. alpha, and TFG-.beta.), platelet-derived endothelial growth factor (PD-ECGF), platelet-derived 
growth factor (PDGF), tumor necrosis factor .alpha. (TNF-. alpha.), hepatocyte growth factor (HGF) 
and insulin like growth factor. Preferably, the angiogenic protein contains a secretory signal sequence 
allowing for secretion of the protein from the arterial cell. VEGF is a preferred protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) show the rabbit ischemic hindlimb model. FIG. l(a)is a representative angiogram 
recorded 10 days after surgery. Once the femoral artery is excised, thrombotic occlusion of the 
external lilac artery extends retrograde to its origin from the common lilac (arrow). Open arrow 
indicates the site of arterial gene transfer. In FIG. 1(b) the shaded segment of femoral artery has been 
excised. 

FIGS. 2(a), 2(b) and 2(c) illustrate (a) RT-PCR analysis of transfected arteries, (b) Southern blot 
analysis of RT-PCR products and (c) nucleotide sequence of the RT-PCR product from transfected 
rabbit lilac artery. In FIGS. 2(a) and 2(b) the expression of the human VEGF mRNA was evident in 
the rabbit lilac artery (lane 4) and cultured rabbit vascular smooth muscle cells (lane 6, positive 
control) which were transfected with human VEGF gene. Arrows indicate position of VEGF band at 
258 bp. Lane 1 depicts the results using a molecular weight marker, namely pGEM3zf(-) digested with 
Hae III; lane 2 is a negative control (no RNA); lane 3 is a second negative control (rabb|t lilac artery 
transfected with .beta.-galactosidase expression plasmid); and lane 5 is a further negative control (PCR 
analysis of the VEGF-transfected lilac artery excluding the reverse transcriptase reaction). FIG. 2(c) 
shows the nucleotide sequence of the RT-PCR product from a transfected rabbit lilac artery. Direct 
sequencing of the 258 bp bands obtained by RT-PCR confirmed that this band represented the human 
VEGF sequence. The sequence designated in 2(c) corresponds to amino acids 69 to 75 of the VEGF 
peptide. Asterisks denote the nucleotides which are not conserved among different species of the 
VEGF gene (rat, mouse, bovine, guinea pig) demonstrating that the exogenous human gene was 
amplified by the RT-PCR procedure. 

FIGS. 3A, 3B, 3C, 3D, 3E and 3F comprise internal lilac angiography of a control rabbit at (A) day 0 
(pre-transfection), (B) day 10, and (C) day 30 post-transfection, and of a VEGF-transfected rabbit at 
(D) day 0, (E) day 10, and (F) day 30 post-transfection. In contrast to the control, angiographic 
examination of the VEGF-transfected animal discloses extensive collateral artery formation. 

FIGS. 4(a), 4(b) and 4(c) are graphs illustrating the effect of VEGF-transfection on revascularization 

UMn-//iA/i 10< inn ll/netarpi/nnh-Parser?Sectl=^ 12/6/99 



United States Patent: 5,652,225 



Page 7 of 23 



in an ischemic limb model FIG. 4(a) the angiographic score at day 0 (immediately prior to 
transfection), and days 10 and 30 post-transfection. FIG. 4(b) Calf Blood pressure ratio at day 0, and 
at days 10 and 30 post-transfection. FIG. 4(c) depicts capillary density at day 30 post-transfection. 
(*p<0.05,**p<0.01) ' 

FIGS. 5(a) and 5(b) illustrate alkaline phosphatase staining of ischemic hindlimb muscle, 
counterstained with eosin. FIG. 5(a) depicts the muscle of an animal transfected with pGSVLacZ. 
FIG. 5(b) depicts the muscle of an animal transfected with phVEGF.sub.165. The dark staining 
indicates capillaries as shown by the arrows. 

FIG. 6 illustrates a diagrammatical cross section of a balloon catheter having a hydrophilic surface 
bearing genetic material in accordance with the present invention, in place within an artery. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for the delivery of nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. 

The nucleic acid may be any nucleic acid which when introduced to the arterial cells provides a 
therapeutic effect. The nucleic acid is selected based upon the desired therapeutic outcome. For 
example, in the treatment of ischemic diseases, one genetic material of choice would be a DNA 
encoding an angiogenic protein. DNA useful in the present invention include those that encode 
hormones, enzymes, receptors or drugs of interest. The DNA can include genes encoding polypeptides 
either absent, produced in diminished quantities, or produced in mutant form in individuals suffering 
from a genetic disease. Additionally it is of interest to use DNA encoding polypeptides for secretion 
from the target cell so as to provide for a systemic effect by the protein encoded by the DNA. Specific 
DNA's of interest include those encoding hemoglobin, interleukin- 1 , interleukin-2, interleukin-3, 
interleukin-4, interleukin-4, interleukin-5, interieukin-6, interleukin-7, interleukin-8, interleukin-9, 
interleukin- 10, interleukin- 1 1, etc., GM-CSF, G-CSF, M-CSR, human growth factor, insulin, factor 
VIII, factor IX, tPA, LDL receptors, tumor necrosis factor, PDGF, EGF, NGF, IL-lra, EPO, .beta.- 
globin and the like, as well as biologically active muteins of these proteins. The nucleic acid utilized 
may also be "anti-sense" DNA or RNA, which binds to DNA or RNA and blocks the production of 
harmful molecules. In addition, the DNA carried to the arterial cells in accordance with the present 
invention may code for polypeptides which prevent the replication of harmful viruses or block the 
production of smooth muscle cells in arterial walls to prevent restenosis. 

Antisense RNA molecules are known to be useful for regulating translation within the cell. Antisense 
RNA molecules can be produced from the corresponding gene sequences. The antisense molecules can 
be used as a therapeutic to regulate gene expression associated with a particular disease. 

The antisense molecules are obtained from a nucleotide sequence by reversing the orientation of the 
coding region with regard to the promoter. Thus, the antisense RNA is complementary to the 
corresponding mRNA. For a review of antisense design see Green, et al., Ann. Rev. Biochem. 55:569- 
597 (1986), which is hereby incorporated by reference. The antisense sequences can contain modified 
sugar phosphate backbones to increase stability and make them less sensitive to RNase activity. 
Examples of the modifications are described by Rossi, et al., Pharmacol, Ther. 50(2):245-354, (1991). 

In certain therapeutic applications, such as in the treatment of ischemic diseases, it may be desirable to 
induce angiogenesis, i.e., the formation of new blood vessels. For such applications, DNA's encoding 
growth factors, polypeptides or proteins, capable of inducing angiogenesis are selected. Folkman, et 
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al., Science, 235:442-447 (1987). These include, for example, acidic and basic fibroblast growth 
factors (aFGF and bFGF), vascular endothelial growth factor (VEGF), epidermal growth factor 
(EGF), transforming growth factor .alpha, and .beta. (TGF-.beta. and TGF-.beta.), platelet-derived 
endothelial cell growth factor (PD-ECGF), platelet-derived growth factor (PDGF) itself, tumor 
necrosis factor .alpha. (TNF-.alpha.), hepatocyte growth factor (HGF) and insulin like growth factor. 
See, Klagsbrun, et al., Annu. Rev. Physiol., 53:217-239 (1991) and Folkman, et al., J. Biol. Chem. 
267: 1093 1-10934 (1992). Muteins or fragments of an angiogenic protein may be used as long as they 
induce or promote the formation of new blood vessels. 

Recent investigations have established the feasibility of using recombinant formulations of such 
angiogenic growth factors to expedite and/or augment collateral artery development in animal models 
of myocardial and hindlimb ischemia. See, BafFour, et al., J. Vase. Surg., 16:181-191 (1992) (bFGF); 
Pu, et al, Circulation, 88:208-215 (1993) (aFGF); Yanagisawa-Miwa, et al., Science, 257:1401-1403 
(1992) (bFGF); Ferrara, et al., Biochem. Biophys. Res. Commun., 161:851-855 (1989) (VEGF). 

VEGF was also purified independently as a tumor-secreted factor that included vascular permeability 
by the Miles assay (Keck, et al, Science, 246:1309-1342 (1989) and Connolly, et al., J. Biol Chem., 
264:20017-20024 (1989)), and thus its alternate designation, vascular permeability factor (VPF). 
VEGF is a preferred angiogenic protein. Two features distinguish VEGF from other heparin-binding, 
angiogenic growth factors. First, the NH.sub.2 terminus of VEGF is preceded by a typical signal 
sequence; therefore, unlike bFGF, VEGF can be secreted by intact cells. Second, its high-affinity 
binding sites, shown to include the tyrosine kinase receptors Flt-1 and Flt-1/KDR are present on 
endothelial cells. Ferrara, et al,, Biochem. Biophys. Res. Commun., 161:851-855 (1989) and Conn, et 
al., Proc. Natl. Acad. Sci. USA, 87:1323-1327 (1990). (Interaction of VEGF with lower affinity 
binding sites has been shown to induce mononuclear phagocyte chemotaxis). Shen, et al., Blood, 
81:2767-2773 (1993) and Clauss, et al., J. Exp. Med., 172:1535-1545 (1990). 

Evidence that VEGF stimulates angiogenesis in vivo had been developed in experiments performed on 
rat and rabbit cornea (Levy, et al., Growth Factors, 2:9-19 (1989) and Connolly, et al., J. Clin. Invest., 
84:1470-1478 (1989)), the chorioallantoic membrane (Ferrara, et al., Biochem Biophys Res 
Commun., 161:851-855 (1989)), and the rabbit bone graft model. Connolly, et al., J. Clin. Invest., 
84:1470-1478 (1989). 

Preferably, the angiogenic protein contains a secretory signal sequence that facilitates secretion of the 
protein from the arterial cell. Angiogenic proteins having native signal sequences, e.g., VEGF, are 
preferred. Angiogenic proteins that do not have native signal sequences, e.g., bFGF, can be modified 
to contain such sequences using routine genetic manipulation techniques. See, Nabel et al., Nature 
362:844 (1993). 

The nucleotide sequence of numerous peptides and proteins, including angiogenic proteins, are readily 
available through a number of computer data bases, for example, GenBank, EMBL and Swiss-Prot 
Using this information, a DNA segment encoding the desired may be chemically synthesized or, 
alternatively, such a DNA segment may be obtained using routine procedures in the art, e.g, PCR 
amplification. 

To simplify the manipulation and handling of the DNA, prior to introduction to the arterial cell, the 
DNA is preferably inserted into a vector, e.g., a plasmid vector such as pUCl 18, pBR322, or other 
known plasmid vectors, that includes, for example, an E. Coli origin of replication. See, Sambrook, et 
al., Molecular Cloning:A Laboratory Manual, Cold Spring Harbor Laboratory press, (1989). The 
plasmid vector may also include a selectable marker such as the .beta. -lactamase gene for ampicillin 



//i /- a i o: i C\r\ 11/ — ♦ : — .oc^.H -DTno^CArtOnUTTOFF/P/n^/nMoKtml/cp /icn#» 19/6/QQ 



United States Patent: 5,652,225 



Page 9 of 2a 



resistance, provided that the marker polypeptide does not adversely effect the metabolism of the 
organism being treated. Additionally, if necessary, the DNA may be operably linked to a 
promoter/enhancer region capable of driving expression of the protein in the arterial cell. An example 
of a suitable promoter is the 763-base-pair cytomegalovirus (CMV) promoter. Normally, an enhancer 
is not necessary when the CMV promoter is used. The RSV and MMT promoters may also be used. 
Certain proteins can expressed using their native promoter. 

If desired, the DNA may be used with a microdelivery vehicle such as cationic liposomes and 
adenoviral vectors. For a review of the procedures for liposome preparation, targeting and delivery of 
contents, see Mannino and Gould-Fogerite, Bio Techniques, 6:682 (1988). See also, Feigner and 
Holm, Bethesda Res. Lab. Focus, 1 1(2):21 (1989) and Maurer, R. A., Bethesda Res. Lab. Focus, 1 1 
(2):25 (1989). Replication-defective recombinant adenoviral vectors, can be produced in accordance 
with known techniques. See, Quantin, et al., Proc. Natl. Acad. Sci. USA, 89:2581-2584 (1992); 
Stratford-Perricadet, et al., J. Clin. Invest., 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143-155 
(1992). 

In certain situations, it may be desirable to use DNA's encoding two or more different proteins in 
order optimize the therapeutic outcome. For example, DNA encoding two angiogenic proteins, e.g., 
VEGF and bFGF, can be used, and provides an improvement over the use of bFGF alone. Or an 
angiogenic factor can be combined with other genes or their encoded gene products to enhance the 
activity of targeted cells, while simultaneously inducing angiogenesis, including, for example, nitric 
oxide synthase, L-argine, fibronectin, urokinase, plasminogen activator and heparin. 

The hydrophilic polymer is selected to allow incorporation of the DNA to be delivered to the arterial 
cell and its release when the hydrophilic polymer contacts the arterial cell. 

Preferably, the hydrophilic polymer is a hydrogel polymer, a cross-linked polymer material formed 
from the combination of a colloid and water. Cross-linking reduces solubility and produces a jelly-like 
polymer that is characterized by the ability to swell and absorb liquid, e.g., that containing the DNA. 
Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. Preferred hydrogels are polyacrylic acid 
polymers available as HYDROPLUS (Mansfield Boston Scientific Corp., Watertown, Mass.) and 
described in U.S. Pat. No, 5,091,205. 

The nucleic acid in aqueous solution is incorporated into the hydrophilic polymer to form a nucleic 
acid-hydrophilic polymer composition. The nucleic acid is incorporated without complexing or 
chemical reaction with the hydrophilic polymer, and is preferably relatively freely released therefrom 
when placed in contact with the arterial cells. The resulting structure comprises a support, e.g. the 
balloon of the balloon catheter, on which is mounted the hydrogel, in or on which is incorporated the 
desired DNA and its associated vehicle, e.g., phage or plasmid vector. The hydrophilic polymer is 
preferably adhered to the support, so that after application of the DNA to the target cells, the 
hydrophilic polymer is removed with the support. 

An arterial cell is contacted with the nucleic acid-hydrophilic polymer composition by any means 
familiar to the skilled artisan. The preferred means is a balloon catheter having the hydrophilic polymer 
on its outer surface, which permits the contact between the hydrophilic polymer bearing the nucleic 
acid to be transferred and the arterial cells to be made with some pressure, thus facilitating the transfer 
of the nucleic acid to the cells. However, other supports for the hydrophilic polymer are also useful, 
such as catheters or solid rods having a surface of hydrophilic polymer. Preferably, the catheters or 
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rods or other substrates which are flexible, to fecilitate threading through the arteries to reach the 
point of intended application. For cells that are not in tubular arteries, other types of catheters, rods or 
needles may be used. 

When a hydrophillic arterial balloon is used, it is not necessary to protect the balloon prior to inflation, 
since relatively little of the nucleic acid is lost in transit to the treatment site until the balloon is inflated 
and the hydrophilic polymer bearing the nucleic acid is pressed against the arterial cells. When 
hydrophilic polymer-surfaced catheters or rods are used as the vehicle or substrate, the surface can 
protected, e.g. by a sheath, until the point of intended application is reached, and then the protection 
removed to permit the hydrophilic polymer bearing the nucleic acid to contact the arterial cells. 

The vehicle, be it arterial balloon, catheter, flexible rod or other shaped vehicle, can be furnished with 
means to assist in accurate placement within the intended body cavity. For example, it can be furnished 
with a radioactive element, or made radio-opaque, furnished with means permitting easy location using 
ultrasound, etc. 

Preferably, the nucleic acid-hydrophilic composition contacts the arterial cell by means of a catheter. 
The catheter is preferably a balloon catheter constructed for insertion in a blood vessel and has a 
catheter shaft and an expandable dilation balloon mounted on the catheter shaft. At least a portion of 
the exterior surface of the expandable portion is defined by a coating of a tenaciously adhered 
hydrophilic. Incorporated in the hydrophilic polymer is an aqueous solution of the DNA to be 
delivered to the arterial cells. 

In general, when dry, the hydrophilic polymer (preferably hydrogel) coating is preferably on the order 
of about l'to 10 microns thick, with a 2 to 5 micron coating typical. Very thin hydrogel coatings, e.g., 
of about 0.2-0.3 microns (dry) and much thicker hydrogel coatings, e.g., more than 10 microns (dry), 
are also possible. Typically, hydrogel coating thickness may swell by about a factor of 2 to 10 or more 
when the hydrogel coating is hydrated. 

Procedures for preparing a balloon with a hydrogel coating are set forth in U.S. Pat. No. 5,304,121, 
the disclosure of which is incorporated herein by reference. 

A representative catheter is set forth in FIG. 6. Referring to FIG. 6, 1 is the wall of the blood vessel. 
The figure shows the catheter body 2 held in place by the inflation of an inflation balloon 3. The 
balloon comprises a hydrogel coating 4 incorporating DNA 5. 

In use, the DNA, for example, is applied ex vivo to the hydrophilic polymer coating of the balloon. To 
facilitate application, the balloon may be inflated. If necessary, the polymer may be dried with warm 
air and the DNA application repeated. The amount of DNA to be applied to the arterial surface 
depends on the purpose of the DNA and the ability of the DNA to be expressed in the arterial cells. 
Generally, the amount of naked DNA applied to the balloon catheter is between about 0.1 and 
100 .mu.g/mm.sup.2, more preferably between about 0.5 and about 20 .mu.g/mm.sup.2, most 
preferably between about 1.5 and about 8 .mu.g/mm.sup.2. Preferably, between 0.5 mg and 5 mg of 
DNA are applied to the hydrogel coating of a balloon catheter having an inflated lateral area of about 
630 mm.sup.2 (e.g., a balloon catheter having an inflated diameter of about 5 mm and a length of 
about 40 mm), providing a surface having about 0.8 to about 8 .mu.g/mm.sup.2 of DNA when the 
balloon is inflated and contacts the interior of the artery. More preferably, between 1 mg and 3 mg of 
DNA are applied to the polymer, providing a DNA loading of about 1.6 to about 4.8 mu.g/mm.sup.2. 
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The catheter is inserted using standard percutaneous application techniques and directed to the desired 
location, e.g., an artery perfusing the target tissue. For example, in the treatment of patients with 
occlusive peripheral arterial disease (PAD), the balloon is directed towards an artery of the leg, e.g., 
lilac. Once the balloon has reached its desired location, it is inflated such that the hydrogel coating of 
the balloon contacts the arterial cells located on the walls of the artery and remains inflated for a time 
sufficient to allow transfer of the DNA encoding the angiogenic protein from the hydrogel to the 
arterial cells. Preferred periods of balloon inflation range from 30 seconds to 30 minutes, more 
preferably 1 minute to 5 minutes. Surprisingly, that is normally sufficient time to permit transfer of the 
DNA by the method of the present invention. 

Once transferred, the DNA coding for the desired therapeutic polypeptide is expressed by the arterial 
cells for a period of time sufficient for treatment of the condition of interest. Because the vectors 
containing the DNA of interest are not normally incorporated into the genome of the cells, however, 
expression of the protein of interest takes place for only a limited time. Typically, the therapeutic 
protein is only expressed in therapeutic levels for about two days to several weeks, preferably for 
about 1-2 weeks. Reapplication of the DNA can be utilized to provide additional periods of expression 
of the therapeutic polypeptide. If desired, use of a retrovirus vector to incorporate the heterologous 
DNA into the genome of the arterial cells will increase the length of time during which the therapeutic 
polypeptide is expressed, from several weeks to indefinitely. 

In one preferred application, the DNA-hydrogel polymer composition can be used to deliver a DNA 
encoding an angiogenic protein to an arterial cell in an artery or blood vessel perfusing the target 
tissue. Expression of the angiogenic protein and its secretion from the arterial cell induces 
angiogenesis, i.e., the formation of new blood vessels, in target tissues perfused by the artery or blood 
vessels, allowing for the treatment of diseases associated with vascular occlusion such as limb 
ischemia, ischemic cardiomyopathy, myocardial ischemia, cerebral ischemia and portal hypertension. 

The present invention makes genetic treatment possible which can correct heretofore incorrectable 
problems. 

The present invention is further illustrated by the following examples. These examples are provided to 
aid in the understanding of the invention and are not construed as a limitation thereof 

EXAMPLE 1 

Direct Gene Transfer with Hydrogel Polymer Balloon Catheter Applied to an Angioplasty Catheter 
Balloon Can be Used to Effect Direct Gene Transfer to the Arterial Wall. 

DNA solution was applied to the surface of an angioplasty catheter balloon with a hydrogel polymer 
(marketed under the mark Slider.TM. with Hydroplus.RTM. by Mansfield Boston Scientific Corp., 
Watertown, Mass.). The catheter was constructed with a single polyethylene balloon, 2.0 mm in 
diameter and 2.0 cm in length. The Hydroplus.RTM. coating consists of a hydrophilic polyacrylic acid 
polymer, crosslinked via an isocyanate onto the balloon to form an ultra-high molecular weight 
hydrogel with tight adherence to the balloon surface. The thickness of the hydrogel coating when dry 
measures between 3-5 .mu.m; upon exposure to an aqueous environment, the coating swells to 2-3 
times its initially dry thickness. In order to apply DNA to the catheter, the balloon was inflated to 4 
atm, following which 20 .mu.l of DNA solution were pipetted and distributed onto the balloon surface 
using a sterile pipette tip. After the balloon's hydrogel polymer was covered with a homogeneous film 
of DNA solution, the hydrogel was dried with warm air. The above procedure was then repeated, 
resulting in a total of 40 mu.l of DNA solution applied to the balloon. 
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For percutaneous application, luciferase DNA concentration was 3.27 .mu.g/.mu.l. DNA was 
dissolved in TE buffer (10 mM Tris, 1 mM EDTA). 

(Attempts were made to apply DNA solution to standard uncoated balloons as well. The hydrophobic 
surface of the polyethylene balloon, however, made it impossible to cover the balloon with a film of 
DNA solution.) 

To determine the total amount of DNA which is successfully absorbed onto the balloon surface, 5 
hydrogel balloons were coated with 40 .mu.l DNA (2 .mu.g DNA/.mu.l) containing a small amount 
of sup 35 S-labeled luciferase plasmid. (Levy, et al., Growth Factors, 2:1535-1545 (1990)). A 
random primed DNA labeling kit (United States Biochemical, Cleveland, Ohio) was used for the 
labeling reaction an unincorporated nucleotides were remove by ethanol precipitation. After the 
coating procedure, the catheter tip was placed in 0.5 ml water for 15 minutes at room temperature, 
and 1.0 ml gel solubilizer (Solvable,.TM. New England Nuclear, Boston, Mass.) for 3 hours at 
50 degree. C. to dissolve the gel before the scintillation fluid was added. The amount of DNA on the 
balloon was calculated from the quotient: [counts per minute (cpm) in a scintillation vial containing the 
balloon]/[cpm in a vial containing 40 .mu.l of the^ame lot of labeled DNA (80 .mu g)]. Scintillation 
counts were corrected for quench and chemiluminescence. 

After coating hydrogel balloons with 40 .mu.l of DNA solution (containing 80 .mu.g of radiolabeled 
DNA), and drying the gel, the magnitude of DNA retained on the hydrogel balloon was determined by 
comparing the amount of radioactivity on the balloons to the amount of radioactivity in 40 .mu.l of the 
original radiolabeled DNA solution. Scintillation counting revealed that 97. +-.2% (n=5) of the 
radioactively labeled DNA remained on the hydrogel coated balloon, corresponding to 78.+-. 1.5 mu.g 
of luciferase DNA. 

Reporter Genes 

The firefly luciferase gene and the gene for nuclear-specific .beta.-galactosidase (.beta.-gal) were used 
as reporter genes to monitor the results of the transfection procedures. The luciferase expression 
vector pRSVLUC (courtesy of Dr. Allen Brasier, Massachusetts General Hospital, Boston, Mass.), 
consist of a full length Photinus pyralis luciferase cDNA (pJD 204) (de Wet et al., 1987) inserted into 
a PGEM3-plasmid (Brasier et al. Biotechniques, 7:1 1 16-1 122 (1989)), under the control of Rous 
sarcoma virus long terminal repeat (RSV-LTR) promoter. The pGSVLacZ vector contains the simian 
virus (SV40) large tumor nuclear location signal fused to the lacZ gene (nls .beta.-gal) (Bonnerot et 
al., Proc. Natl. Acad. Sci. U.S.A., 84:6795-6799 (1987)) (gift from Dr. Claire Bonnerot, Institut 
Pasteur, Paris, France), inserted into a pGEMl -plasmid. Nuclear staining identifies the exogenous 
construct designed to permit nuclear translocation, and thus distinguishes expression of the transgene 
from endogenous (cytoplasmic) .beta. -gal activity. Previous concerns (Lim et al., Circulation, 
83:2007-2011 (1991)) regarding nonspecificity of bluestaining resulting from .beta. -gal are thus 
eliminated. 

Analysis of Luciferase Activity 

The magnitude of gene expression was determined by measuring luciferase activity as described 
previously (Leclerc et al., J. Clin. Invest., 90:936-944 (1992)) using the Luciferase Assay System 
(Promega, Madison, Wis.). Briefly, frozen arteries were homogenized and dissolved in 300 .mu.l of 
Cell Culture Lysis Reagent (Promega) containing 1 mg/ml bovine serum albumin. Three different 20- 
.mu.I aliquots prepared from each transfected specimen were mixed in a sample tube with 100 .mu.l of 
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Luciferase Assay Reagent (Promega, Madison, Wis.) and inserted into a luminometer (Model 20e, 
Turner Design, Sunnyvale, Calif.) that reports results on a scale established to yield as low as lO.sup.- 
3 Turner light units (TLU). The specimen's total luciferase activity was calculated from the mean of 
the three aliquots analyzed. The luciferase values were in the linear range of a standard curve derived 
from samples with a known amount of luciferase (Sigma, St. Louis, Mo., catalogue #L9009). The 
lyophilized luciferase was, according to the manufacturer's instructions, dissolved in sterile water and 
furtherdiluted in Cell Culture Lysis Reagent with 1 mg/tnl bovine serum albumin. The following 
equation was used to convert TLU into pg luciferase: Luciferase [pg]=-O.O8+0.051 TLU. Using this 
formula, 100 TLU corresponds to 5.0 pg of luciferase. It must be noted that the specific activity of 
luciferase standards from different vendors can vary considerably (Wolff, et al., Biotechniques, 
1 1 ;474-485 (1991)); therefore, direct comparisons of luciferase reported by different groups must be 
made with caution, especially when the origin of the standard used is not specified. 

Percutaneous Transfection 

Percutaneous gene transfer experiments with the luciferase gene were performed in 13 rabbits using a 
catheter with a balloon to which a 20 .mu.m hydrogel coating had been applied and which was 
advanced through a 5 F teflon sheath. The balloon was advanced beyond the distal tip of the sheath, 
coated with 130 .mu.g luciferase DNA, and pulled back into the sheath to protect the balloon from 
subsequent contact with blood. The sheath and the angioplasty catheter were then introduced via the 
right carotid artery and advanced to the left common lilac artery under fluoroscopic control. The 
balloon catheter was advanced 2 cm further (beyond the distal sheath tip) into the external lilac artery 
and inflated there for 1 or 5 min. Following balloon deflation, the catheter system was removed. In 10 
animals, the transfected external lilac artery as well as the contralateral control artery were removed 3 
days later, weighed, and assayed for luciferase activity. In 3 additional animals, which had been 
transfected for 5 min. only, the arteries were excised 14 days after gene transfer. In these 3 animals we 
also removed the left femoral artery to check for luciferase expression directly downstream of the 
transfected segment. 

Results 

Luciferase expression was detected in all 10 (100%) percutaneously transfected arteries excised after 3 
days, whether inflated for 5 min (386.+-.299 TLU, n=5) or 1 min (1 13.+-.59 TLU, n=5). 

Three additional animals, in which balloons were inflated for 5 min only, were sacrificed after 14 days. 
Individual luciferase expression was 152.6, and 16 TLU, respectively (mean=58.+-.47 TLU). In this 
series, we also measured luciferase in the adjacent femoral artery, which was not inflated. Luciferase 
expression in all these arteries was undistinguishable from background activity (mean 0.04.+-.0.29 
TLU). 

The findings demonstrate that endoluminal vascular gene transfer can be achieved successfully and 
consistently with pure DNA applied to a standard angioplasty catheter balloon coated with hydrogel 
polymer. The hydrogel provides the absorbable medium to which one may apply a solution of pure 
DNA. Drying of the gel results in a layer of concentrated DNA which is then transferred to the arterial 
wall as the balloon contacts the arterial wall coincident with balloon inflation. Experiments with 
radiolabeled DNA established that 97% of DNA applied in aqueous solution to the hydrogel-coated 
balloon was still present on the balloon after drying of the gel. Autoradiograms of the arterial wall 
demonstrated that inflation of the hydrogel balloon results in DNA uptake which is distributed across 
the full thickness of the arterial wall. DNA was shown to penetrate the intact internal elastic lamina 
and was distributed intracellularly as well as extracellularly. 
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Despite elimination of accessory transfection vehicles in this example, both the frequency of successful 
transfection and the magnitude of reporter gene expression achieved were superior to that previously 
reported from our laboratory (Leclerc, et al., J. Clin Invest., 90:936-944 (1992)) and comparable to 
the results achieved by others (Chapman, et al., Circ. Res., 71 :27-33 (1992) and Lim, et al., 
Circulation, 83:2007-201 1 (1991)) using alternative delivery schemes. The success rate of transfection 
in our rabbit model as measured by expression of the luciferase transgene was 100% (37 of 37 artery 
segments), even in those cases in which the inflation time was reduced to one minute. The duration of 
inflation within a range from 10 to 30 minutes did not have significant impact on transfection 
efficiency, a feature which would be expected to facilitate human arterial, particularly coronary, gene 
transfer. 

EXAMPLE 2 

Induction of Angiogeneses In Vivo 
Methods 

Animal Model (FIG. 1). 

The angiogenic response to transfection of the gene for vascular endothelial growth factor (VEGF) 
was investigated using a rabbit ischemic hindlimb model. Takeshita, et al., J. Clin. Invest., 93:662-670 
(1994) and Pu, et al., J. Invest Surg., (In Press). All protocols were approved by St. Elizabeth's 
Institutional Animal Care and Use Committee. Male New Zealand White rabbits weighing 4-4.5 kg 
(Pine Acre Rabbitry, Norton, Mass.) were anesthetized with a mixture of ketamine (50 mg/kg) and 
acepromazine (0.8 mg/kg) following premedication with xyazine (2.5 mg/kg). A longitudinal incision 
was then performed, extending inferiorly from the inguinal ligament to a point just proximal to the 
patella. The limb in which the incision was performed-right versus left-was determined at random at 
the time of surgery by the surgeon. Through this incision, using surgical loops, the femoral artery was 
dissected free along its entire length; all branches of the femoral artery, including the inferior 
epigastric, deep femoral, lateral circumflex and superficial epigastric arteries, were also dissected free. 
After further dissecting the popliteal and saphenous arteries distally, the external lilac artery as well as 
all of the above arteries were ligated. Finally, the femoral artery was completely excised from its 
proximal origin as a branch of the external lilac artery, to the point distally where it bifurcates into the 
saphenous and popliteal arteries. Once the femoral artery is excised, thrombotic occlusion of the 
external lilac artery extends retrograde to its origin from the common lilac (FIG. 1(a), arrow). As a 
result, the blood supply to the distal limb is dependent on the collateral arteries which may originate 
from the internal lilac artery. Accordingly, direct arterial gene transfer of VEGF was performed in to 
the internal lilac artery of the ischemic limb. Post-operatively, all animals were closely monitored. 
Analgesia (levorphanol tartrate 60 mg/kg, Roche Laboratories, Nutley, N.J.) was administered 
subcutaneously as required for evidence of discomfort throughout the duration of the experiment. 
Prophylactic antibiotics (enrofloxacin 2.5 mg/kg, Miles, Shawnee Mission, Kans.) was also 
administered subcutaneously for a total of 5 days post-operatively. 

Plasmids and Smooth Muscle Cell (SMC) Transfection in Vitro. 

Complementary DNA clones for recombinant human VEGF.sub.165, isolated from cDNA libraries 
prepared from HL60 leukemia cells, were assembled into a mammalian expression vector containing 
the cytomegalovirus promoter. Leung, et al., Science, 246:1306-1309 (1989). The biological activity 
of VEGF.sub. 165 secreted from cells transfected with this construct (phVEGF.sub. 165) was 
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previously confinned by the evidence that media conditioned by transfected human 293 cells promoted 
the proliferation of capillary cells. Leung, et al., Science, 246:1306-1309 (1989). 

To evaluate expression of phVEGF.sub. 165 in vascular cells, rabbit arterial smooth muscle cells 
(SMCs) were transfected in vitro. Cells were cultured by explant outgrowth from the thoracic aorta of 
New Zealand White rabbits. The identity of vascular SMCs was confirmed morphologically using 
phase contrast microscopy and by positive immunostaining using a monoclonal antibody to smooth 
muscle alpha.-actin (Clone 1 A4, Sigma, St. Louis, Mo.). Cells were grown in the media (M199, 
GIBCO BRL, Gaithersberg, Md.) supplemented with 10% fetal bovine serum (FBD, GD3CO BRL). In 
vitro transfection was performed by incubating SMCs (1.48.times.l0.sup.6 cells/10 cm plate) with 
11.5 .mu.g of the plasmid DNA and 70 .mu.g of liposomes (Transfection-reagent, Boehringer 
Mannheim, Indianapolis, Ind.) as previously described. Pickering, et al., Circulation, 89:13-21 (1994). 
After completion of transfection, media was changed to 10% FBS. Culture supernatant was sampled 
at 3 days pot-transfection, and was analyzed by ELISA assay for VEGF protein. Houck, et al., J. Biol. 
Chem. 267:26031-26037 (1992). 

The plasmid pGSVLacZ (courtesy of Dr. Claire Bonnerot) containing a nuclear targeted .beta - 
galactosidase sequence coupled to the simian virus 40 early promoter (Bonnerot, et al., Proc. Natl. 
Acad. Sci. USA, 84:6795-6799 (1987)) was used for all the control transfection experiments. 

Percutaneous Arterial Gene Transfer in Vitro. 

An interval of 10 days between the time of surgery and gene transfer was allowed for post-operative 
recovery of rabbits and development of endogenous collateral vessels. Beyond this time-point, studies 
performed up to 90 days post-operatively (Pu, et al., J. Invest. Surg., (In Press)) have demonstrated 
no significant collateral vessel augmentation. At 10 days post-operatiyely (day 0), after performing a 
baseline angiogram (see below), the internal lilac artery of the ischemic limb of 8 animals was 
transferred with phVEGF.sub. 165 percutaneously using a 2.0 mm hydrogel-coated balloon catheter 
(Slider.TM. with HYDROPLUS, .RTM. Boston Scientific, Watertown, Mass.). The angioplasty 
balloon was prepared (ex vivo) by first advancing the deflated balloon through a 5 Fr. teflon sheath 
(Boston Scientific), applying 400 .mu.g of phVEGF.sub. 165 to the 20 .mu.m-thick later of hydrogel 
on the external surface of the inflated balloon, and then retracting the inflated balloon back into the 
protective sheath. The Sheath and angioplasty catheter were then introduced via the right carotid 
artery, and advanced to the lower abdominal aorta using a 0.014 inch guidewire (Hi-Torque Floppy IL 
Advanced Cardiovascular Systems, Temecula, Calif.) under fluoroscopic guidance. The balloon 
catheter was then advanced out of the sheath into the internal lilac artery of the ischemic limb, inflated 
for 1 min at 6 atmospheres, deflated, and withdrawn (FIG. 1(a), open arrow). An identical protocol 
was employed to transfect the internal iliac artery of 9 control animals with the plasmid pGSVLacZ 
containing a nuclear targeted .beta.-galactosidase sequence. Heparin was not administered at the time 
of transfection or angiography. 

Evaluation of Angiogenesis in the Ischemic Limb. 

Development of collateral vessels in the ischemic limb was serially evaluated by calf blood pressure 
measurement and internal lilac arteriography immediately prior to transfection (day 0), and then in 
serial fashion at days 10 and 30 post-transfection. On each occasion, it was necessary to lightly 
anesthetize the animal with a mixture of Ketamine (10 mg/kg) and acepromazine (0.16 mg/kg) 
following premedication with xyazine (2.5 mg/kg). Following the final 30-day follow-up, the animal 
was sacrificed, and tissue sections were prepared from the hindlimb muscles in order to perform 
analysis of capillary density. These analyses are discussed in detail below. 
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Calf Blood Pressure Ratio. 

Calf blood pressure was measured in both hindlimbs using a Doppler Flowmeter (Model 1050, Parks 
Medical Electronics, Aloha, Oreg.), immediately prior to transfection (day 0), as well as on days 10 
and 30. On each occasion, the hindlimbs were shaved and cleaned; the pulse of the posterior tibial 
artery was identified using a Doppler probe; and the systolic pressure of both limbs was determined 
using standard techniques; Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). The calf blood 
pressure ratio was defined for each rabbit as the ratio of systolic pressure of the ischemic limb to 
systolic pressure of the normal limb. 

Selective Internal Iliac Arteriography. 

Collateral artery development in this ischemic hindlimb model originates from the internal lilac artery. 
Accordingly, selective internal lilac arteriography was performed on day 0 (immediately prior to 
transfection), and again on days 10 and 30 post-transfection as previously described. Takeshita, et al., 
J. Clin. Invest., 93:662-670 (1994). A 3 Fr. end-hole infusion catheter (Tracker-18, Target 
Therapeutics, San Jose, Calif) was introduced into the right common carotid artery through a small 
cutdown, and advanced to the internal lilac artery at the level of the interspace between the seventh 
lumbar and the first sacral vertebrae. Following intra-arterial injection of nitroglycerin (0.25 mg, 
SoloPak Laboratories, Franklin Park, 111.), a total of 5 ml of contrast media (Isovue-3 70, Squibb 
Diagnostics, New Brunswick, N.J.) was then injected using an automated angiographic injector 
(Medrad, Pittsburgh, Pa.) programmed to reproducibly deliver a flow rate of 1 ml per sec. Serial 
images of the ischemic hindlimb were then recorded on 105-mm spot film at a rate of 1 film per sec for 
at least 10 sec. Following completion of arteriography, the catheter was removed and the wound was 
closed. All of the above-described procedures were completed without the use of heparin. 

Morphometric angiographic analysis of collateral vessel development was performed as previously 
described. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). A composite of 5-mm.sup.2 grids was 
placed over the medical thigh area of the 4-sec angiogram. The total number of grid intersections in 
the medical thigh area, as well as the total number of intersections crossed by a contrast-opacified 
artery were counted individually by a single observer blinded to the treatment regimen. An 
angiographic score was calculated for each film as the ratio of grid intersections in the medial thigh. 

Capillary Density and Capillaiy/Myocyte Ratio. 

The effect of VEGF gene transfer upon anatomic evidence of collateral artery formation was further 
examined by measuring the number of capillaries in light microscopic sections taken from the ischemic 
hindlimbs. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). Tissue specimens were obtained as 
transverse sections from the ischemic limb muscles at the time of sacrifice (day 30 post-transfection). 
Muscle samples were embedded in O.C.T. compound, (Miles, Elkhart, Ind.) and snap-frozen in liquid 
nitrogen. Multiple frozen sections (5 .mu.m in thickness) were then cut from each specimen on a 
cryostat (Miles), so that the muscle fibers were oriented in a transverse fashion, and two sections then 
placed on glass slides. Tissue sections were stained for alkaline phosphate using an indoxyl- 
tetrazolium method to detect capillary endothelial cells (Ziada, et al., Cardiovasc. Res., 18:724-732 
(1984)), and were then counterstained with eosin. Capillaries were counted under a 20x objective to 
determine the capillary density (mean number of capillaries per mm.sup.2). A total of 20 different 
fields was randomly selected, and the number of capillaries counted. To ensure that analysis of 
capillary density was not overestimated due to muscle atrophy, or underestimated due to interstitial 
edema, capillaries identified at necropsy were also evaluated as a function of myocytes in the 
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histologic section. The counting scheme used to compute the capillaiy/myocyte ratio was otherwise 
identical to that used to compute capillary density. 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR), Southern Blot Analysis, and 
Sequencing of RT-PCR Product. 

The presence of human VEGF mRNA was detecting using RT-PCR. Arterial samples were obtained 
at 5 days post-transfection, and total cellular RNA was isolated using TRI REAGENT (Molecular 
Research Center, Cincinnati, Ohio) according to the manufacturer's instructions. Extracted RNA was 
treated with DNase I (0.5 .mu.l, 10 U/.mu.l, RNase-free, Message Clean kit, GenHunter, Boston, 
Mass.) at 37. degree. C. for 30 min to eliminate DNA contamination. The yield of extracted RNA was 
determined spectrophotometrically by ultraviolet absorbance at 260 nm. To check that the RNA was 
not degraded and electrophoresed through a 1% non-denaturing miniagarose gel. 0.5 .mu.g of each 
RNA sample was used to make cDNA in a reaction volume of 20 .mu.l containing 0.5 mM of each 
deoxynucleotide triphosphate (Pharmacia, Piscataway, N.J.), 10 mM dithiothreitol, 10 units of RNasin 
(Promega, Madison, Wis.), 50 mM Tris-HCI (pH 8.3), 75 mM KCL, 3 mM MgCLsub.2, 1 .mu.g 
random hexanucleotide primers (Promega), and 200 units of M-MLV reverse transcriptase (GEBCO 
BRL). For greater accuracy and reproducibility, master mixes for a number of reactions were made up 
and aliquoted to tubes containing RNA. Reactions were incubated at 42.degree. C. for 1 hr, then at 
95. degree. C. for 5 min to terminate the reaction. Twenty .mu.l of diethyl pyrocarbonate (DEPC) 
water was then added and 5 mu.l of the diluted reaction (l/8th) was used on the PCR analysis. The 
optimized reaction in a total volume of 20 .mu.l contained 0.2 mM of each deoxynucleotide 
triphosphate, 3 mM MgCl.sub.2, 2 .mu.l PCR II buffer (Perkin-Elmer, Norwalk, Conn.; final 
concentrations, 50 mM KCL, 10 mM Tris-HCL), 5 ng/.mu.l (13.77 pmoles) of each primer, and 0.5 
units of AmpliTaq DNA polymerase (Perkin-Elmer). The PCR was performed on a 9600 PCR system 
(Perkin-Elmer) using microamp 0.2. ml thin- walled tubes. Amplification was for 40-45 cycles of 
94.degree. C. for 20 sec, 55. degree. C. for 20 sec, and 72.degree. C. for 20 sec, ending with 5 min at 
72.degree. C. To test for false positives, controls were included with no RNA and no reverse 
transcriptase. A pair of oligonucleotide primers (22 mers) was designed to amplify a 258 bp sequence 
from the mRNA of human VEGF. To ensure specificity and avoid amplification of endogenous rabbit 
VEGF, each primer was selected from a region which is not conserved among different species. 
Sequences of primers used were: 5-GAGGGCAGAATCATCACGAAGT-3 1 (sense) SEQ. ID NO: 1 ; 
5VTCCTATGTGCTGGCCTTGGTGA-3 1 (antisense) SEQ. ID NO:2. RT-PCR products were 
transferred from agarose gels to nylon membranes (Hybond, Amersham, Arlington Heights, III.). The 
probe was 5' end-labelled with T4 polynucleotide kinase and [.beta.-.sup.32 P]ATP (Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, (1989)) and 
hybridized to the nylon filters using Rapid Hybridization buffer (Amersham) according to 
manufacturer's instructions. To visualize hybridized bands, filters were exposed to X-ray film (Kodak 
Xar-5). 

To confirm the identity of VEGF PCR products. DNA bands were excised from agarose gels, purified 
using Geneclean (BIO 101, La Jolla, Calif), and sequenced directly (i.e. without subcloning) using 
dsDNA Cycle Sequencing System (GD3CO BRL) following the directions of manufacturer. The two 
VEGF primers used for PCR were 5' end-labeled with [.beta.-.sup.32 P]ATP and T.sub.4 
polynucleotide kinase and used as sequencing primers to determine the sequence of both strands of the 
PCR product. 

beta.-Galactosidase Staining of Transfected lilac Arteries, 

To evaluate the efficiency of in vivo arterial gene transfer, beta.-galactosidase activity was determined 
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by incubation of arterial segments with 5-bromo-4-chloro-3 -indolyl .beta. -D-galactosidase chromogen 
(X-Gall), Sigma) as previously described. Riessen, et aL, Hum. Gene Ther., 4:749-758 (1993). 
Following staining with X-Gal solution, tissues were paraffin-embedded, sectioned, and counterstained 
with nuclear fast red. Nuclear localized .beta -galactosidase expression of the plasmid pGSVLacZ 
cannot result from endogenous .beta.-galactosidase activity; accordingly, histochemical identification 
of .beta -galactosidase within the cell nucleus was interpreted as evidence for successful gene transfer 
and gene expression. Cytoplasmic or other staining was considered non-specific for the purpose of the 
present study. 

Statistics. 

Results were expressed as means .+-. standard deviation (SD). Statistical significance was evaluated 
using unpaired Student's t test for more than two means. A value of p<0.05 was interpreted to denote 
statistical significance. 

Results 

ELISA Assay for VEGF. To test the expression of the plasmid phVEGF.sub.165 in vascular cells, 
culture supernatant of VEGF-transfected SMCs (1.48.times.l0.sup.6 cells/10 cm plate) was sampled 
at 3 days post-transfection, and analyzed by ELSA for VEGF protein. The media of VEGF-transfected 
SMCs contained an average of 1.5 .mu.g of VEGF protein (n=3). In contrast, culture media of .beta.- 
galactosidase-transfected SMCs (n=3) or non-transfected SMCs (n=3) did not contain detectable 
levels of VEGF protein. 

RT-PCR, Southern Blot Analysis, and Sequencing of RT-PCR Product. 

To confirm expression of human VEGF gene in transfected rabbit lilac arteries in vivo, we analyzed 
transfected arteries for the presence of human VEGF mRNA by RT-PCR. As indicated above, to 
ensure the specificity of RT-PCR for human VEGF mRNA resulting from successful transfection 
(versus endogenous rabbit VEGF mRNA), primers employed were selected from a region which is not 
conserved among different species. Arteries were harvested at 5 days post-transfection. The presence 
of human VEGF mRNA was readily detected in rabbit SMC culture (n=3) and rabbit lilac arteries 
(n=3) transfected with phVEGF.sub. 165. Rabbit lilac arteries transfected with pGSVLacZ (n=3) were 
negative for human VEGF mRNA (FIG. 2(a)). Southern blot analysis was used to further confirm that 
the 158 bp bands obtained by RT-PCR did in fact correspond to the region between the two primers 
(FIG. 2(b)). Direct sequencing of the RT-PCR product document that this band represented the 
human VEGF sequence (FIG. 2(c)). 

Angiographic Assessment. 

The development of collateral vessels in the 5 rabbits transfected with phVEGF.sub. 165 and 6 rabbits 
transfected with pGSVLacZ was evaluated by selective internal lilac angiography. FIG. 3 illustrates 
representative internal lilac angiogram recorded from both control and VEGF-transfected animals. In 
control animals, collateral artery development in the medial thigh typically appeared unchanged or 
progressed only slightly in serial angiogram recorded at days 0, 10, and 30 (FIGS. 3(a-c)). In contrast, 
in the VEGF-transfected group, marked progression of collateral artery was observed between days 
10 and 30 (FIGS. 3, (d-f)). Morphometric analysis of collateral vessel development in the media thigh 
was performed by calculating the angiographic score as described above. At baseline (day 0), there 
was no significant difference in angiographic score between the VEGF-transfected and control groups 
(day 0:0. 17.+- 0.02 vs 0.20.+-.0.06, p=ns). By day 30, however, the angiographic score in VEGF- 
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transfected group was significantly higher that in control group (0.47.+-.0.09 vs 0.34.+-.0.10, p<0.05) 
(FIG. 4(a)). 

Calf Blood Pressure Ratio (FIG. 4(b)). 

Reduction of the hemodynamic deficit in the ischemic limb following VEGF-transfection was 
confirmed by measurement of calf blood pressure ratio (ischemic/normal limb). The calf blood 
pressure ratio was virtually identical in both groups prior to transfection (0.23 .+-.0. 12 in VEGF- 
transfected animals, p=ns). By day 10 post-transfection, the blood pressure ration for VEGF- 
transfected rabbits was significantly higher than for the control rabbits (0.60.+-.0. 12 vs 0.32.+-.0. 14, 
p<0.01). At day 30, the blood pressure ratio for the VEGF-transfected group continued to exceed that 
of controls (0.70.+-.0.08 vs 0.50.+-.0. 18, p<0.05). 

Capillary Density and Capillary/Myocyte Ratio (FIGS. 4(c), 5). 

A favorable effect of VEGF-transfection upon revascularization was also apparent at the capillary 
level. The medial thigh muscles of the ischemic limbs were histologically examined at day 30 post- 
transfection. Analysis of capillary density disclosed a value of 233.0.+-.60.9/mm.sup.2 in VEGF- 
transfected group versus 168.7.+-.3 1 .5/mm.sup.2 in the control group (p<0.05). Analysis of 
capillary/myocyte ratio disclosed a value of 0.67.+-.0.15 in the VEGF-transfected group versus 
0.48.+-.0. 10 in the control group (p<0.05). 

.beta.-Galactosidase Staining of Transfected Iliac Arteries. 

( 

To evaluate the efficiency of in vivo arterial gene transfer, transfected lilac arteries were harvested at 5 
days post-transfection, and were used for .beta.-galactosidase histochemical analysis. In arteries 
transfected with nuclear targeted .beta.-galactosidase, evidence of successful transfection, indicated by 
dark blue nuclear staining, was observed in only<0.5% of total arterial cells. Arteries transfected with 
phVEGF.sub. 165 were negative for nuclear staining. 

EXAMPLE 3 

Comparison of Double-Balloon Catheter Technique and Hydrogel-Coated Balloon Catheter 
Technique 

Methods 

Recombinant Adenoviral Vectors 

Replication-defective recombinant adenoviral vectors, based on human adenovirus 5 serotype, were 
produced as previously described. Quantin, et al., Proc. Nat. Acad. Sci. USA, 89:2581-2584 (1992); 
Stratford-Perricaudet, et al., J. Clin. Invest., 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143- 
155 (1992). Ad-RSV.beta.gal contains the Escherichia coil lac Z gene and the SV40 early region 
nuclear localization sequence (nls). The nlslacZ gene encodes a nuclear-targeted .beta.-galactosidase 
under the control of the Rous sarcoma virus promoter. Ad-RSVmDys, used as a negative control, 
contains a human "minidystrophin" cDNA under the control of the same promoter. Ragot, et al., 
Nature, 361:647-650(1993). 

In Vivo Percutaneous Gene Transfer Procedures 
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All animal procedures were approved by the Institutional Animal Care and Use Committees of Faculte 
Bichat and St. Elizabeth's Hospital. Gene transfer was performed in the external lilac artery of 29 New 
Zealand white rabbits under general anesthesia and sterile conditions. Anesthesia was induced with 
intramuscular acepromazine and maintained with intravenous pentobarbital. Adenoviral stocks were 
used within 30 minutes of thawing. 

1 . Double-balloon catheter technique. 

In 15 animals, Ad-RSV.beta.gal (2.10.sup.9 to 2.10.sup.l0 plaque forming unites {pfu} in 2 ml PBS) 
was transferred to the right lilac artery, either normal (n=9) or previously denuded (n=6), using a 4 
French double-balloon catheter (Mansfield Medical, Boston Scientific Corp., Watertown, Mass.) as 
previously described. Nabel, et al., Science, 244:1342-1344 (1989). The catheter was positioned in a 
segment of the artery which lacked angiographically visible side branches. The viral solution was 
maintained in contact with the arterial wall for 30 min. The left lilac artery of the same 15 animals was 
used as a control: in 7 animals no catheter was inserted, in 6 animals the endothelium was removed 
using balloon abrasion, and, in the 2 other animals, a double-balloon catheter was used in infuse Ad- 
RSVmDys (2. 10.sup.9 pfu in 2 mi PBS). 

2. Hydrogel-Coated Balloon Catheter Technique. 

In 14 animals, a hydrogel-coated balloon catheter was used (Slider.TM. with Hydroplus.RTM., 
Mansfield Medical, Boston Scientific Corp., Watertown, Mass.). The balloon diameter (either 2.5 or 
3.0 mm), was chosen to approximate a 1.0 balloon/artery ratio based on caliper measurement of. 
magnified angiographic frames. Ad-RSV.beta.gal (1-2. 10. sup. 10 pfu in 100 .mu.l PBS) was applied to 
the polymer-coated balloon using a pipette as described above. The catheter was introduced into the 
right femoral artery through a protective sheath, the balloon was inflated at 1 atm, and the assembly 
was then advanced over a 0.014" guide wire to the external lilac artery where, after balloon deflation, 
the catheter alone was advanced 2 cm further and the balloon inflated for 30 minutes at 6 atm 
(ensuring nominal size of the inflated balloon). The contralateral lilac artery was in each case used as a 
control: in 9 animals no catheter or virus was introduced, in 2 the endothelium was removed, while in 
3 a hydrogel-coated balloon catheter was used to transfer Ad-RSVmDys. 

Detection of iacZ Expression in the Arterial Wall. 

Three to seven days after transfection, the animals were sacrificed by pentobarbital overdose. To 
assess nlslacZ gene expression, the arteries were harvested and stained with X-Gal reagent (Sigma) for 
6 hours, at 32.degree. C, as previously described. Sanes, et al., EMBO J., 5:3133-3142 (1986). 
Samples were then either mounted in OCT compound (Miles Laboratories Inc., IU.) for cryosectioning 
or embedded in paraffin, cut into 6-.mu.m sections, and counterstained with hematoxylin and eosin or 
elastic trichrome. Expression of nlslacZ gene was considered positive only when dark blue staining of 
the nucleus was observed. To determine which cell types within the arterial wall expressed the 
transgene, immunohistochemical staining of X-Gal-stained arterial sections was performed, using a 
mouse monoclonal anti-.alpha.-actin primary antibody specific for vascular smooth muscle (HHF-35, 
Enzo Diagnostics, Farmingdale, N.Y.), and then a polyclonal peroxidase-labeled anti-mouse 
immunoglobulin G secondary antibody (Signet Laboratories, Dedham, Mass.). 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

For each transfected iliac artery, at least 2 samples were taken from the target-zone, and from each 
sample, at least 3 sections were examined by light microscopy after X-gal staining. Due to the 
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heterogeneity of .beta.-galactosidase activity on gross examination, the percentage of transfected 
medial cells per artery section was determined in regions showing high .beta.-galactosidase activity by 
counting stained versus total nuclei. The total numbers of studied medial cells were 14. 10.sup.3 (n=50 
sections) in the double-balloon catheter and the hydrogel-coated balloon catheter groups respectively. 

Detection of Remote, sup, nlslacZ Gene Transfer and Expression. 

Tissue samples from liver, brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and 
arterial segments adjacent to the treated arterial site were harvested immediately after sacrifice. For 
each specimen, nlslacZ gene presence and expression were assessed by polymerase chain reaction 
(PCR) and histochemistry (X-gal staining) respectively. 

For PCR, genomic DNA was extracted from tissues by standard techniques. DNA amplification was , 
carried out using oligodeoxynucleotide primers designed to selectively amplify Ad-RSV.beta.gal DNA 
over endogenous .beta.-galactosidase gene by placing one primer in the adenovirus sequence coding 
for protein 9 and the other primer in the lacZ sequence (5-AGCCCGTCAGTATCGGCGGAATTC- 
3' (SEQ ID NO:3) and S'-CACTCTCCTCGGTCACATCCAG-B' (SEQ ID N0.4) respectively, Genset, 
Paris, France). The reactions were performed in a DNA thermocycler (GeneAmp PCR System 9600, 
Perkin Elmer Cetus, Norwalk, Conn.) following 2 different protocols: a hold at 95. degree. C. for 3 
min, 35 or 45 cycles of 95. degree. C. for 30 s, 65. degree. C. for 40 s, and 72. degree. C. for 1 min, 
then a final extension at 72.degree. C. for 5 min. When PCR was performed on plasmid DNA 
containing the nlslacZ gene used for the preparation of the adenoviral vector, or on positive liver 
samples obtained by deliberate systemic injection of Ad-RSV.beta.gal, the amplification reaction 
produced a 700 bp DNA fragment. To determine sensitivity of these procedures, DNA was extracted 
from liver of uninfected rabbits, aliquoted into several tubes, and spiked with dilutions of the plasmid 
containing the nlslacZ gene and used as a positive control. Following the amplification protocols 
described above, it was determined that the 35- or 45-cycle PCR could detect one copy of the nlslacZ 
gene in 3. 102 and 3. 104 cells respectively. DNA extractions and amplifications were performed 
simultaneously and in duplicate for studied tissues and positive controls. 

Each tissue sample was also processed for histochemical analysis following the same protocol 
described for the arteries. For each specimen, at least 3 different segments were obtained, embedded in 
paraffin, and cut into at least 5 sections. Sections were counterstained with hematoxylin and eosin, and 
examined by light microscopy for the presence of deep blue nuclei indicative of .beta.-galactosidase 
expression. The number of positive cells as well as the total number of cells were counted. The total 
number of cells examined per sample ranged from 25.10.sup.3 to 1 15. 10.sup.3 v 

Statistics 

i 

Results are expressed as mean.+-. standard deviation (SD). Comparisons between groups were 
performed using Student's t test for unpaired observations. A value of p<0.05 was accepted to denote 
statistical significance. 

V 

Results 

Histological and Histochemical Analyses of Transfected Arteries Following Double-Balloon Catheter 
Delivery 

Gross examination of all the arteries (n=15) following X-gal staining showed punctiform, 
heterogeneous, blue staining on the luminal aspect of the arteries, always limited to the area between 
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the two balloons. For the 9 normal arteries, microscopic examination disclosed dark blue nuclear 
staining, confined entirely to the endothelium. In contrast, when endothelial abrasion preceded 
transfection (n=6), X-gal staining imparted a mottled appearance to the luminal aspect of the artery. In 
these cases, microscopic examination showed that the endothelium had been removed and that the site 
of X-gal staining was subjacent to the intact internal elastic lamina, involving sparse medial cells. The 
identity of the transfected medial cells as smooth muscle cells was confirmed by immunohistochemical 
staining with monoclonal anti-. alpha. -actin antibody. Control arteries showed no nuclear blue staining. 

Histological and Histochemical Analysis of Transfected Arteries Following Hydrogel-Coated Balloon 
Catheter Delivery 

Gross examination of all the arteries after X-gal staining (n=14) showed dark blue, heterogeneous 
staining of the transfected site with a sharp boundary between the transfected segment and the 
bordering proximal and distal segments. Microscopic examination showed no residual intact 
endothelium; the continuity of the internal elastic lamina, in contrast, appeared preserved without 
apparent disruption. In the areas showing evidence of .beta.-galactosidase activity on gross 
examination, light microscopic examination revealed nearly continuous layers of cells with dark blue 
nuclear staining, generally limited to the superficial layers of the media; occasionally, sparsely 
distributed cells from deeper layers of the media expressed the transgene as well. Staining with 
monoclonal anti-. alpha. -actin antibody confirmed that transfected cells were vascular smooth muscle 
cells. No evidence of nuclear .beta.-galactosidase activity was seen in control arteries. 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

The percentage of transduced cells per artery section in regions showing high .beta.-galactosidase 
activity was significantly higher in the hydrogel-coated balloon catheter group than in the double- 
balloon catheter group (6.1. +-.2.3% vs. 0.4.+-.0.6%, pO.OOOl). 

Detection of Remote lacZ Gene Transfer and Expression in Other Organs 

In all animals of both groups, gross and microscopic examination of X-gal stained tissue samples from 
liver, brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and arterial segments 
adjacent to the treated arterial site failed to show expression of nuclear-targeted .beta.-galactosidase, 
except in the liver of one rabbit in the double-balloon catheter group which disclosed a limited area of 
nuclear and peri-nuclear blue staining. In this area, less than 1/2. 10.sup.3 cells expressed .beta.- 
galactosidase. In a few macrophages limited to samples removed from the lungs and testes of one 
hydrogel-coated balloon catheter treated rabbit, blue staining of the cytoplasm without nuclear staining 
was observed; the exclusively cytoplasmic location of .beta.-ga!actosidase activity in these cases, 
however, suggested that staining resulted from endogenous .beta.-galactosidase. 

All of the above tissue samples were then screened by PCR. When the PCR was run for 35 cycles, the 
presence of DNA sequence specific for Ad-RSV.beta.gal was non-detectable, including in tissue 
samples from those animals with the highest percentage of transfected lilac arterial cells. Using an 
optimized protocol of 45 cycles, however, PCR was positive in the single liver that was observed to 
express .beta.-galactosidase, but in none of the other tissues. 

This invention has been described in detail including the preferred embodiments thereof However, it 
will be appreciated that those skilled in the art, upon consideration of this disclosure, may make 
modifications and improvements thereon without departing from the spirit and scope of the invention 
as set forth in the claims. 
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New Arteries Grown In Diseased Hearts 

By William J. Cromie 
Gazette Staff 

Almost anything Hugh Curtis did gave him a pain in the heart. Even when lying in bed, he felt the 
stabbing chest pains of angina, a hurtful signal that his heart was not getting enough oxygen. 

Curtis underwent a quadruple bypass in 1986, then a single bypass late last year. Surgeons removed veins 
from his legs and grafted them onto his heart to bypass his blocked coronary arteries. But that didn't solve 
his problem. ^ 

He also received a series of angioplasties, wherein tiny balloons were threaded into his heart's arteries, 
then inflated. This process pushed the blockages aside, opening his arteries. Five pieces of metal mesh 
were installed to keep them open, but his coronary arteries closed in other places. 

"I couldnt walk very far, couldnt even make my bed," says the 55-year-old resident of Danvers, Mass. 
"Climbing stairs was out, so was any thought of going on vacation." 

Late last year, he was asked by researchers at Beth Israel Deaconess Medical Center in Boston if he 
wanted to volunteer for an experimental procedure at the Harvard-affiliated hospital The procedure 
involved doctors injecting proteins called growth factors into his heart to stimulate growth of new blood 
around those clogged with plaque. 

"I didnt hesitate to give them the go-ahead," Curtis recalls. 

The cardiologists threaded a thin hollow tube from his groin into his heart. Through the tube they injected 
what is called basic fibroblast growth factor, or bFGF. 

Four months after the treatment, Curtis is back working full time at a desk job in a printing company. "I 
no longer take 3-to-6 nitroglycerin tablets a day, and I'm painting the hallway in my house," he says 
cheerily. "I may never go back to playing racquetball, but I'm leading a normal life, and that's all I'm 
looking for." 

"All his symptoms are gone," says Michael Simons, associate professor of medicine at Harvard Medical 
School "He is one of 18 patients who participated in a trial of bFGF. All are now largely without 
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syngrtoms such as chest pain, shortness of breath, and fatigue." 



Bypassing Bypass Surgery 

Eighteen other patients who received heart-artery bypasses got bFGF at the same time. Frank Sellke, an 
associate professor of surgery at Harvard Medical School, implanted capsules that slowly release the drug 
at sites where blocked vessels were too small or too diffusely diseased to bypass. 

"These patients have undergone treadmill stress tests," Simons comments. "They also have been 
examined with a new type of magnetic resonance imaging (MRI) that measures blood flow and detects 
new vessel development. It is too early to scream and shout with success, but we are pleased with the 
results obtained so for." 

"I had an MRI a couple of weeks ago, and it showed new arteries growing and bypassing some 
blockage," says Curtis. Tm getting 70 percent blood flow to an area of the heart that was down to 30 
percent flow. And there's reason to think things will improve more with time." 

John Modugno, 48, received bFGF in February, and his MRI tests also show evidence of new arterial 
growth. "I feel much better," he says, "although I'm still on drugs and get a little angina at the end of the 
day." 

Tests of bFGF and other growth factors now under way at various research centers raise hopes that 
newly grown blood vessels will replace arteries choked oflf by atherosclerosis, thus heading off thousands, 
maybe millions, of heart failures and heart attacks. 

If these tests continue to be successful in humans, they could lead to heart drugs that will be cheaper, 
safer, and a lot easier on patients than bypass surgery and angioplasty. About a million people undergo 
such procedures in the United States each year, but they dont always wprk. As in Hugh Curtis's case, 
some vessels are too small or located where they cant be bypassed with sections of vein. After arteries 
have been opened by an inflated balloon or other types of angioplasty, afxmt one-third of them close 
again, some in a matter of months. 

" We once thought people in which neither procedure worked accountec) for only a small subgroup of 
patients," Simons says. "But now we're getting phone calls almost every day, so we must conclude that 
there are more people with this problem than we imagined." 

The revolutionary potential of growth factors, of course, goes far beyond such people. Simons sees it as 
"having the potential to replace or reduce the use of bypass surgery." Tjhe American Heart Association 
estimates that §00,000 bypasses are performed each year at an average cost of $45,000 per treatment* 

Severely blocked coronary arteries cause more than 3 million heart failures a year, and 7 million more 
people suffer the chest pains of angina. "Growth-factor treatments might be expanded to many, if not all, 
of these patients," Simons declares. 

The Side-Effects Question 

Researchers at Beth Israel Deaconess Medical Center initiated such treatments in 1996. Today, seven 
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endothelial growth fector, or VEGF (see April 23 Gazette, page I). 



In a trial conducted at several medical centers, VEGF was given to 1 7 people whose blocked coronary 
arteries lay out of reach of angioplasty. Fifteen of the 17 patients showed various levels of improvement. 

Jeffrey Isner, a cardiologist at St. Elizabeth's Medical Center in Boston, has used VEGF to grow new 
vessels around blockages in the leg veins of diabetics. He has treated 30 diabetic patients, as well as five 
other patients with heart disease. 

"Preliminary results look good in both types of disease," Isner says. "This is a very encouraging and 
exciting area of treatment." 

The great promise of bypassing blood-vessel blockages wont become a reality, however, if the growth 
factors cause severe side effects. 

Both bFGF and VEGF lower blood pressure. "That feet limits the amount you can give a person," 
Simons notes. "But that's something we can work around." 

More serious is the possibility of damage to sight caused by overgrowth of blood vessels in the eye. "We 
have been looking carefully for this, but have not seen any as yet with bFGF," Simons comments. Also, 
no new blood vessels were seen growing in the eyes of patients treated with VEGF, another encouraging 
sign. 

The most worrisome possibility concerns growth of blood vessels that might nourish small, hidden cancer 
tumors. Judah Folkman, another Harvard researcher, found that such tumors remain benign unless new 
blood vessels carry nutrients to them. Once connected to a steady blood supply, tumors grow and spread. 

Folkman and Michael O'Reilly developed two exciting new cancer drugs, endostatin and angiostatin, 
which block rather than promote development of blood vessels. 

"We hope that tumor growth can be avoided because we give the growth factor for a very short time and 
in small amounts, 91 Simons notes. "It's not like we're adding a foreign substance to the body; everyone has 
such small amounts of bFGF circulating naturally in their bloodstream." 

The side-eflfects issue will be addressed in tests involving larger numbers of patients. Plans call for testing 
both growth factors on 400 to 500 people at a combination of medical centers throughout die country. 
Simons expects to start expanded trials of bFGF this summer in a collaboration with Emory University in 
Atlanta. 

A question still to be answered is exactly how new blood vessels form. The bare-bones explanation has 
bFGF binding to the surface o£ then stimulating growth of endothelial cells, those that line the inside of 
capillaries, the smallest vessels. These cells leave the vessels, migrate to the tip of the capillaries, and form 
a tube that extends their reach. 

Simons's team took startling photos of new vessels growing around blocked arteries in animals. They 
show small extensions sprouting like twigs on a tree limb, moving around the barricade and reconnecting 
on the other side. 
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"Ift amazing to see," Simons says. "If we can continue to do the same thmg fa hia^ 
deleterious side effects, we have a chance to benefit millions of people." 

END 



CoUege Admission Yield Is Nearly 80% 

Highest in 25 years 

Nearly 80 percent of students admitted to the Class of 2002 have chosen to enroll, the highest yield since 
the early 1970s, according to the Undergraduate Admissions Office. This yield is the best in more than 25 
years. 

Yield, the percentage of admitted candidates who decide to accept an offer of admission, is considered a 
measure of a school's competitiveness. Harvard's yield is again, by a wide margin, the highest of the 
nation's selective colleges. When the final figures are available, the yield could go even higher - it is 
already well above last year's yield of 76.3 percent. 

The 2,073 students admitted to the Class of 2002 were selected from a pool of 16,819 applicants. For the 
seventh time in eight years, applications for admission to Harvard and Radcliffe have risen. Last year, 
16,597 students applied for the 1,650 places in the entering class. 

The substantial rise in the yield means that the Class of 2002 is now full, and it will probably be 
impossible to admit anyone from the waiting list. In more typical years, the College has been able to admit 
between 50 and 100 from the waiting list. 

"We are extremely pleased that the College has again attracted so many extraordinarily talented students 
this year, 91 said William R. Fitzsimmons '67, Dean of Admissions and Financial Aid. "With many leading 
American and international universities recently announcing changes in their financial aid programs 
designed to compete more aggressively for top students, the leadership of Dean of the Faculty of Arts 
and Sciences Jeremy Kno wles and President NeHRudenstine allowed Harvard to extend its best welcome 
to prospective members of the Class of 2002." 

The Dean and President reemphasized their unwavering commitment to a strong need-based financial aid 
program and to the policy of admitting the best students without regard to their financM circumstances. 
With nearly 70 percent of all undergraduates on financial aid, and with scholarship grants of $45 million, 
Harvard has always been a leader in financial aid. 

Dean Knowles stated in February, "We shall set no limit on the financial resources necessary to make 
Harvard College fully accessible to all students of promise. . . Students who are admitted to next fell's 
entering class will receive competitively supportive offers, and financial aid will be tailored flexibly and 
individually. M 

James S. Miller, director of financial aid, and his staff were available weekdays from 8 am to 8 p.m. and 
several Saturdays for the month of April, and talked with an unprecedented number of students and 
parents about their financial aid awards. "Jim and his staff worked extremely hard to make it possible for 
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Sommary 

Background Preclinical findings suggest that Intraarterial 
«* n « trnnster of a piasmid ***** ^odes for vascular 
'ndomelial growth factor (V£GR can Improve wood supply 
to the Ischaemic limb. We have used the method jnj_ 
patient. 

Method* Our patient was the eighth in a dose-ranging 
— 1-« sua was aged 71 with ™ Ischaemic right teg. We 
administered 2000 oft human piasm id phV£6f lt< that was 
applied to the hydrogel polymer coating ot an angioplasty 
balloon. By inflating the balloon, piasmid ONA was 
transferred to the distal popliteal artery, 
cluing* Digital subtraction angiograp hy a woaks after 
gene showed an Increase In collateral vessels at 

the knee, mid-tlbial. and ankle levels, which persisted at a 
12-week intraarterial dopple r-flow studies showed 
increas ed resting and maximum flows fby 62% and 72%, 
respectively). Three spider angiomas developed on the 
right foovankle about a week after gene transfer; one 
lesion was excised and revealed proliferative endothelium, 
the other two regressed. The patient developed oedema in 
her right leg. which was treated successfully, 
i^^ m^tation Administration of endoth elial cell mitogens 
promotes angioge/tosls In pat ients with limb ischaemia. 
lancet 1996: 348; 370-74 



Introduction 

Among the growth factors that promote engiogenesis, 
vascular endothelial growth frcror (VEGF),' also known 
as vascular permeability factor/ and vasoilotropin/ is 
specifically rnitogenic for endothelial ceUs. The first exon 
of die VEGF gene indudet a secfecory signal sequeoce 
that pennies the protein to be seemed naturally from 
intact ceUs.» We have shown** that acterisl gene transfer of 
naked DNA encoding for secreted protein yielded 
physiological levels of protein despite low trantfecdon 
efficiency. Site-specific gene transfer of plasnud DNA 
encoding the 163-amineaeid isoform of human VEGF 
fohVEGRJ applied to the hydcogel polymer coating or 
aVangioplasty balloon,' -~<*'^~~* p^tineouslv to 
the «Ue artery of rabbio in wh ich the femoral artery had 
tecaacfeed to cause unJUteS bmdTimb ischaemia led to 

Oeoartmat* of MedWne. Blomtrfcei Research, Ra^otogy.and 
S«^StCUx*»«1h'* Modleet Cent*. TvJtt Unfveretty School of 
Me4c4a*, neston, Miotclwwtte. USA (Jeffrey M Isne* mo, 
Ann wecrek m, Robert ScheftueW do. mehard Stair mo, 
Laura Haley a*, TekayuW Asahar e ho. Kenneth Rosenfteld mo. 
Syed Raxvl mo. Kenneth Walsh p*e. iames F Symes mo) 
C or««pondam># to: Or JTfmy M raner. StWreDtWs Mescal 
Center, Boston. MA 02U5, USA 



development of collateral vessels aod increased capillary 
density, improved calf blood-pressure rano 
(itcbaemic/normal limb) and increased resong and 
maximum vasodilator-induced blood Qow>» We now usc^ 
this strategy in the ischaemic limb of a pstient. 

Patient and methods 

Patient 

A 70-Y**fold non-diabetic woman was rcfciTcd for gangrene of 
' trie right greet coo. About • year Writer, the patient hid cramping 
right-foot pain; several corns were removed, the was ghren 
iocnuau9CuUr cortisone, prescribed ibuprofen. and fined with 
thoe iascru. Symptom* worsened and die patient received 
oxycodone, hydrocodooe, and a fencmyl patch. The great toe 
loioa progressed ro gangrene, and the second and third toes 
became compromised. She had no palpable pedal pulses of the 
right Uob. Antebrachial index of the rtcbacmit limb wis 0-26, 
Arteriography revealed a 40% steoosis of the proximal popliteal 
artery, and ocehuioo of tbe peroneal, anterior tibial, and 
posterior tibial arteries midway to the toot. Surgical explorattoo 
of the distal right limb failed to Identify a stable sice for s 
bypass. 

The padem was suitable for arterial gene therapy according to 
a protocol" approved by the Human Institutional Review Board 
and mstfcttdonal Biosafery Coromirtee of our centre, as well as 
the Recombinant DNA Advisory Committee of uw Naoonal 
- Institutes of Health and die US Food and Drug Adtninisoradoo. 

Piasmid DNA 

phVEGF consists of a cucaryodc PUC 118 expression vector 
into which cDNA encoding the loS-aminoacid isoform of VEGF 
has been inserted," A 763 bescpair cytome^owru* 
prorootw/eohencer ie used to drive VEGF expression. Tbe PUC 
ll« vector includes an SV40 polyadcnylsbon sequence, an 
Buhcnehi* eon* origin of replication, and die £4actamatc fene for 
ompicillai resistance. The piasmid was prepared in the Human 
Gene Therapy Laboratory at our centre from cultures of 
pbVEGF^transfcemed E «fc purified with a Qiageo-op 2500 
cohiaa, precipitated with isopropanol, washed with 70% 
edunol» and dried on a Speed Vac Tbe purified piasmid was 
reconsdrutod in sterile saline, stored in vials, and pooled for 
quality control analyses (ebsorbence at wavelengths of 260 and 
280 mm to document ratio between 1-75 aod 185; Kmuhu 
amocbocyte lysate fid-dot assay (BloWnitoto) to csuWUb 
bacterial endotoxin levels below S endotoxin units per kg 
bodyweighr; microbial cultures; southern blot for lerd of 
^ ^^^ genomic Bccli DNA; and cthidiuro bromide 
ttammg after agaioie-gel dectrophoresb; to confirm that over 
90% at the audeic acid was In the doted, circular supercoiled 
form). To confirm the identity of the prepared piasmid, die 
VEGF-codatg region from each pooled botch was resequeoced 
(Applied Bfosyetem 57SA). 

Percutanovs arterial gene transfer 

Arterial gene transfer wa. done with a hydrogej-coeted ballooo- 
^U^metcr (Boston Scientific).- A sterile p.pettc wa« 
us^rWpty 2000 sig pUsmid DNA at 10 3 ^g/ui- tn 194 2 ^ 
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Growth factors can be utilized to induce the growth 
5 of "hard tissue" or bone and "soft tissues 1 * like ectoder- 
mal and mesodermal tissues. As used herein* the term 
growth factor encompasses compositions and living 
organisms which promote the growth of hard tissue, 
such as bone, or soft tissue in the body of a patient. The 
10 compositions include organic and inorganic matter. The 
compositions can be genetically produced or manipu- 
lated. The living organisms can be bacteria, viruses, or 
any other living organism which promote tissue 
growth. By way of example and not limitation, growth 
IS factors can include platelet-derived growth factor 
(PDGF). epidermal growth factor (EGF), fibroblast 
growth factor (acidic/basicXFGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming 
growth factor (TGF-B), colony-stimulating factor 
20 (CSF), osteopontin (Eta-1 (OPN), platelet-derived 
growth factor (PDGF), interferon (INF), bone mor- 
phogenic protein 1 (BMP-1), and insulin growth factor 
(IGF). Recombinant and non-recombinant growth fac- 
tors can be utilized as desired. Bacteria or viruses can, 
25 when appropriate, be utilized as growth factors. For 
example, there is a bacteria) hydrophilic polypeptide 
that self-assembles into a nanometer internal diameter 
pore to build a selective lipid body. Various enzymes 
can be utilized for the synthesis of peptides which con- 
30 tain amino acids that control three-dimensional protein 
structure and growth. Growth factors can be applied in 
gels or other carriers which regulate the rate of release 
of the growth factors and help maintain the growth 
factors, and the carrier, at a desired location in the 
35 body. Time release capsules, granules, or other carriers 
containing growth factor can be activated by tissue pH, 
by enzymes, by ultrasound, by electricity, by heat, by 
selected in vivo chemicals or by any other selected 
means to release the growth factor. The carrier can be 
40 resorbable or non-resorbable. Or, the growth factor 
itself can be activated by similar means. Either the car- 
i rier or the growth factor can mimic extracellular fluid 
to control cell growth, migration, and function. The 
growth factor can be administered orally, systemically, 
45 in a carrier, by hypodermic needle, through the respira- 
tory tract, or by any other desired method. The growth 
factor can also be administered into a capsule or other 
man-made composition or structure placed in the body. 
While administration of the growth factor is presently 
50 usually localized in the patient's body, circumstances 
may arise where it is advantageous to distribute a 
growth factor throughout the patient's body in uniform 
or non-uniform concentrations. An advantage to 
growth factors is that they can often, especially when in 
55 capsule form or in some other containment system, be 
inserted to a desired site in the body by simply making 
a small incision and inserting the growth factor. The 
making of such a small incision comprises minor sur- 
gery which can often be accomplished on an out-patient 
60 basis. The growth factors can be multifactorial and 
nonspecific. 
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In another embodiment of the invention, genetically 
produced living material is used to form an implant in 
the bone of a patient. The DNA structure of a patient is 
analyzed from a sample of blood or other material ex- 
tracted from a patient and a biocompatible tooth bud 5 
122 (FIG. 3) is produced. The bud 122 is placed in an 
opening 123 in the alveolar bone and packing material is 
placed around or on top of the bud 122. The size of 
opening 123 can vary as desired. The packing around 
bud 122 can comprise HAC 124, hydroxyapatite, blood, 10 
growth factors, or any other desirable packing material. 
The bud 122 grows into a full grown tooth in the same 
manner that tooth buds which are in the jaws of chil- 
dren beneath baby teeth grow into full sized teeth. In- 
stead of bud 122, a quantity of genetically produced 15 
living material which causes bud 122 to form in the 
alveolar bone can be placed at a desired position in the 
'alveolar bone such that bud 122 forms and grows into a 
full sized tooth. Instead of forming an opening 123, a 
needle or other means can be used to simply inject the 20 
genetically produced living material into a selected 
location in the alveolar bone. As would be appreciated 
by those skilled in the art, genetically produced materi- 
als can be inserted in the body to cause the body to 
grow, reproduce, and replace leg bone, facial bone, and 25 
any other desired soft and hard tissue in the body 
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DECLARA TION OF ANDREW IS. LOR1NCZ. M.D. 

] Andrew I-. Lorincz declare as follows: 

1 . I reside at 3628 Belle Meade Way, Mountain Brook, Alabama 35223. 

2. My Curriculum Vilac is attached hereto as Exhibit A. 

3. " I have read and understood the disclosures ut column 14, lines 4-61 and 

column 21, lines 1-26 of United Slates Patent Number 5,397,235 
(hereinafter " '235 patent") entitled "Method for Installation of Denial 
Implant," and granted lo James P. Elia on March 14, 1995. A copy of 
such disclosures is attached hereto as Exhibit D. I understand that the 
same disclosures arc contained in above patent application Serial No. 
09/064,000. 

4. 1 note that the disclosures mentioned in above Paragraph 3 relate to a 
method for forming a bud and then for running soft tissue. Such methods 
involve placing a growth factor at a desired site of a body with use of 
techniques including resorbable and non-resorbable carriers, gels, timc- 
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release capsules, and granules. In addition, the growth factor may be 
placed in the body orally, sy.stemiu.lly, by injection, through the 
respiratory trad, by making m incision ,„ mc body ^ ^ ^ 
growth factor. | „„, e ftmller (h „i ,| lc growth factor and/or carrier may be 
actuated by tissue P H, enzymes, ultrasound, electricity, heat, or in vivo 
clicmiculs, 

It ift well known and established j„ lhe mcd ical arls lhal buds fl(V fl 
primordium or, in other words, a rudiment or commencement of an organ. 
The process of organ formation includes the differential development of 
cells to form an organ primordium with the resulting formation of soft 
tissue. Such process of development is called organogenesis. I. is also 
well known and established in the medical arts that the term "son tissue" 
includes blood vessels. 

In making the above slatement in this Paragraph, I urn aware of the 
definitions attached hereto as Kxhibit ». Terms included in the above- 
mentioned defmitions arc: bud, primordium; organogenesis, and organ. I 
am also awure of and have considered the definition of "growth factor" as 
contained in Column 14 of the aforesaid '235 patent. 

The materials included in attached 1-xhibit C evidence that the placement 
of growth factors in the body of a human results in the formation 0 f a bud 
with subsequent growth into soft tissue. These materials report work 
performed by reputable, skilled scientists and reputable organizations in 
the medical arts. Consequently, I believe (hat these reports would be 
recognized as clearly valid by one of ordinary skill in the mcdical arls 
because they report the results of scientific tests conducted by competent, 
disinterested third parties with use of prone, .scientilie controls. 
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Bused upon ihc materials included in above Paragraphs 4, 5, and 6, it is 
my opinion lhai die process of placing a growth factor at a desired site of a 
human body will produce u bud thai will predictably subsequently grow 
into sort tissue, us described in the *235 patent, using die techniques 
identified in above Paragraph 4. My further opinion is that when the 
techniques and angiogenic growth factors described and disclosed in the 
Elia patent application are used to place such growth factors in a human 
host, such placement would result in the formation of soli tissue, e.g., 
blood vessels. My opinion is in accord with the results obtained by the 
Isncr patent (Exhibit C*6) which employed the same angiogenic growth 
factors and carrier/technique described and disclosed in the I Ilia patent 
application. 



8. Declarant stales that the above opinion was reached independently. 

Declarant understands that (I) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both ( 1 8 U.S.C. 1 001 ) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge arc true and that all statements made on 
information and belief are believed to be true. 

1 urlher Declarant saycth not. 
Date: 3 - / 2. - cm 
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Professor of Pediatrics 

University of Alabama at Birmingham 

361-16-4853 

University of Alabama at BiiTningham 

Mortimer Jordan f (all 13-70 

1825 University Boulevard 

Birmingham, Alabama 35294-2010 

Telephone: (205) 934-7038 

PAX: (205)975-9147 

limail: aelorincz((i,vpruii. vprua.UAB.edu 



Home; 

3628 Belle Meade Way 
Mountain Brook, Alabama 35223 
Telephone: (205) 967-4678 

Blin H 5/17/26 Chicago, Illinois 

MARITAL STATUS: Married, 12/14/65 - Diane DeNyse Lorinc/. 

KDUCATION: 

1 948- 1952 University of Chicago, School of Medicine, M.I). Degree 

1 948- 1950 University or Chicago, B.S. Degree (Anatomy & Biochcm.su y) 

1946.1948 University of Chicago, Ph.B. Degree 

POSTDOCTORAL liDUCATION: 

Jan-Mur 1980 Lysosomal Storage Disesi.sc Laboratory, liunicc Kennedy Slu ivci Ccntci. 

Waltham, MA (Harvard), Visiting Scientist 
1955-1956 LaRabida Jackson Park Sanitarium, University ol Chicago. 

Junior Stall Physician Department of Pediaiiies. University of Chicago 

Clinics Bob Roberts Memorial Hospital 
1 95 5- 1 958 Arthritis and Rheumatism Foundation fellow 
1 954- 1 955 Benjamin J Rosenthal Clinical and Research I cllow 
1953-1954 Junioi Assistant Resident 
•'X2-I953 Intern 
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Professor F.meritus, Department of Pediatric!. 


1984-19% 


School of Public Health, University of Alabama at Birmingham, Professor 


1971- 


1996 


University of Alabama at Birmingham, Member of Graduate Faculty 


1%8- 


1996 


University of Alabama at Birmingham, Professor of Pediatrics 


1971- 


1984 


Division of Unginccring Biophysics, University of Alabama at Birmingham, 






Associate Professor 


1%K- 


1982 


University of Alabama at Birmingham. Associate Professor o 1 Biochemistry 


1976- 


1980 


School of Optometry, University of Alabama at Birmingham, 






Professor Optometry 


1971- 


1980 


School of Nursing, University of Alabama at Birmingham, Clinical Associate 






Professor 


)970- 


1980 


('enter for Developmental and Learning Disorders, University of Alabama at 



Birmingham, (A University Affiliated Facility lot Developmental 
Disability), Director 

1970- J970 School of Optometiy, University of Alabama at Birmingham, Associate 

Professor of Pediatric Optometry 
1 900- 1 968 Medical Teaching and Research, Unit of the University of Florida at the Sunland 

Training Center, Gainesville Florida, Director 
1963-1968 Department of Surgery (Orthopaedics), University of Florida College of 

Medicine, Gainesville, Florida, Research Associate Professor 
1 962- 1 968 Department of Pediatrics, University of Florida College of Medicine, 

Gainesville, Florida, Associate Professor 
1959-1962 Department of Pediatrics, University of Florida College of Medicine, 

Gainesville, Florida, Assistant Professor 
1 956- 1 959 Department of Pediatrics, University of Chicago School of Medicine, Chicago. 
Illinois, Instructor 
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5/26/69 Stale of Alabama 

K/ 1 0/59 State of Florida (inactive) 

9/22/54 State of Illinois (inactive) 
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SPECIALTY CKRTIFICATION. 
May 1958 American Board of Pediatrics, Diplomats 
BOARDS, COMMI TTIiliS AND CONSULT ANTS1 UPS: 
1994-prcscnt 



1 99 1 -present 
1988-prcscnt 
1 980-1980 
1979-present 

1978- prcscnl 

1979- 1984 

1974-1981 
1977-1978 

1973-1975 

1971-1974 
1971-1973 
1965-1973 
1967-1972 
1% 1-1968 
1965-1966 



1982-1984 
1979- 1 9K4 
1973-1979 



Board member of The Mental Retardation and Developmental Disabilities, 
Health Care Authority of Jcflcrson County. Inc. 
Editorial Board for the AjL"fljs " r ninitad and Laboratory Science. Member 
Medical Advisory Board of the National MPS Society, Member 
Mental Retardation. Consulting Editor 

National Tay-Sachs and Allied Diseases Association. Scientific Advisory 

Committee, Member 

Mayor's Council of Disability Issues 

Osteogenesis Imperfecta Foundation, Inc., Hoard Member Alabama 
O.I. Chapter 

Child Menial Health Services, Inc., Birmingham, Alabama, Board Member 
Ulizabcthtown Committee on Planning and Evaluation, Legislative 
Committee, Stale of Pennsylvania 

Human Rights Committee for the Partlow State School and Hospital, 

Tuscaloosa, Alabama, Member - Federal Court Appointed 

American Academy of Pediatrics, Committee on Children With Handicaps 

American Journ al i of Mental Deficiency. Consulting J id it or 

I lead Start, Medical Consultant 

Journal "f hv»-.<.i jK»tivc Dermatolottv . Editorial Consultant 
Sunland Hospital, Orlando, Florida, Medical and Research Consultant 
State of Florida Interagency Committee on Mental Retardation Planning, 
Co- Chairman, Mental Retardation Research Committee Alabama 
Development *! ni«thilitcs Planning Council 

Maternal and Child Health, Member of Advisory Committee 
Member (Secretary, 1980; Vice Chairman. 1984) 
Consultant 



AnKfiffln Aviation of University Affiliated Facilities 

1 975-1978 Auici ican Association of University Alliliated Programs for the 

Developmental^ Disabled, Hoard Membci 

American Ass ociation on Mental Rot.at'djli«.H 



I9K0.H4.K5 
I9KO-I9K2 
1978-1980 



Prevention Committee. Chairman 
Mumhei of Council 

Medicine Division ami Member l-xccuiive Committee. Vice President 
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BOARDS, COMMUTES AND CONSULTANTS! HPS: (CONT'D) 

Assiici alion of Reta rdedXfoizgn{i,of JcffiffWn County 

1990-presenl Board Member 

1075-1085 Board Member 

1977.) 978 Second Vice President 

) wo Recipient of Distinguished Service Award 

PROFESSIONAL SOCIKTIES: 

American Academy for Cerebral Palsy and Developmental Medicine, (Fellow) 

American Academy on Menial Retardation (President Elect, 1975-70; President, 1976-77) 

Kmeritus Member 
American Academy of Pediatrics (Fellow) 
American Association for the Advancement of Science 
American Association for Clinical Chemistry, Inc. 
American Association on Mental Retardation (Fellow)-Lifc Member 
American Chemical Society 
American Federation for Clinical Research 
American Medical Association 
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International Society for Mycoplasmology 
JelVerson County Pediatric Society 
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Society for Pediatric Research 
Society for Sigma Xi 

Southern Society for Pediatric Research (President, 1964) 
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buclizine hydrochloride 



182 



bulb 



bulb 



anxiety accompanying psychosomatic disorders; should not be 
used for nausea of pregnancy, 
bud. A structure that resembles the b. of a plant. 

bronchial b„ one of the outgrowths from the primordial 
bronchus responsible for the continued ramification of the embry- 
onic bronchial tree. 

end b., tail b. 

farcy b., one of a number of nodules formed along the course 
of the subcutaneous lymphatics in cases or glanders, 
gustatory b., calieulus gustatorius. 

liver b.. the primordial cellular outgrowth from foregut 
entoderm of the embryo that gives rise to the parenchyma of the 

liver. 

lung b., in the embryo, one of the two lateral outgrowths from 
the respiratory primordium thai ultimately forms the epithelial 
portions of ihe lung. 

mctanephrfc b. ( ureteric b.; the primordial cellular outgrowth 
from ihe mesonephric duct that gives rise to the epithelial lining of 
(he ureter, pelvis and calyces of Ihe kidney, and the straighl 
collecting lubules. 

syncytial b. f syncytial knot. 

tall b M end b.; the rapidly proliferating mass of cells at the caudal 
extremity of ihe embryo, 
taste b.i ci/icu/us gusiaiorius. 

tooth b.» ihe primordial structures from which a tooth is formed; 
the enamel organ, denial papilla, and the dental sac enclosing them, 
ureteric b., mctanephric b. 

vascular b., an endothelial sprout arising from a blood vessel. 
Budd, George, London physician. 1 808-1 882. See B.'s cirrhosis, 
jaundice* syndrome. 
Budde (bood'deh). E., Danish sanitary engineer, ♦1871. See B. 

process. 

buddeize (bood dc-iic). To treat by ihe Budde process, 
budding. Gemmation. 

Budge (bood'ga). Julius L.. German physiologist. 181 1-1888. See 
B.'s center. 

Budin (bii-dan'), Pierre C. French gynecologist, 1846-1907. See 
B.'s obstetrical joint. B.'s pelvimeter. 

Buerger, Leo. New York physician, 1879-1943. See B.'s disease* 
Winiwarter-B. disease, B.'s stain. 

bufa-, bufo-. Combining forms that denote origin from toads. 
They are used in the systematic and trivial names of a great number 
of toxic substances (genins) isolated from plants and animals 
coniaining the bufanolide structure (see bufanolide). Prefixes 
denoting species origin are often attached, e.g., marinobufagin, 
marinobufotoxin. 

bufagenins. Bufagins. 

bufagins* Bufagenins: a group of steroids (bufanolides) in the 
venom of a family of toads, the Bufonidae, having a digitalis- 1 ike 
action upon the heart {e.g., bufotalin); cf. bufotoxins. For structure 
of bufanolides, see steroids. 

bufalin. A specific type of bufanolide. containing 3/3.14-dihy- 
droxy-5£,M0-bufa-2O,22-dienolide. For structure of bufanolide. 
see steroids. 

bufanolide. Fundamental steroid lactone of several squill-toad 
(Bufonidae) venoms or toxins; also found in the form of glycosides 
in plants (cf. digitalis). The steroid is essentially that of 5£* 
androsiane. with a I4/M4. The lacione al C- 17 is structurally related 
m — CH(CH.i)CH <CH ; CH.» radical al 1 ached to C- 1 7 in t he chela nes. 
and is in the same configuration as that of cholesterol (i.e., 20£); 
in some species, b. is formed from cholesterol. Various b. 
derivatives having unsaturation in the lactone ring (20,22) or 
elsewhere (4) are known as bufenolides (one double bond), 
bufadienotides (e.g., bufalin, telecinobufagjn. marinobufagin. 
bufogenin B, bufotalin, bufotoxin), bufatrienolides (e.g.* scillare- 
nin). etc. They have varying numbers of hydroxy! groups at 
positions h 5, 14, and 16. and these may be further substituted 
(e.g., bufatalin, bufotoxin. gitoxigenin). For structure, sec steroids. 

buffer. I. A mixture of an acid and its conjugate base (salt), such 
as H,CO./HC(V: H.POr/H.PO,*. which when present in a 
solution reduces any changes in pH that would otherwise occur in 
the solution when acid or alkali is added to it. Thus the pH of the 
blood and body fluids is maintained virtually constant (pH 7.4S) 



although acid metabolites are continually being formed in ihe 
tissues and COi(HjCO)) is lost in the lungs. See also conjugate 
acid-base pair, under conjugate. 2. To add a b. to a solution and 
thus give it the properly of resisting a change in pH when it receives 
a limited amount of acid or alkali. 

b. capacity, the amount of hydrogen ton (or hydroxyl ion) 
required to bring about a specific pH change in a specified volume 
of a b. (see b. value). 

b. pair, an acid and its conjugate base (anion). 

secondary b., see Hamburger's law. 

b. value, the power of a substance in solution to absorb acid or 
alkali without change in pH; this is highest at a pH equal io the 
pK of ihe acid of the b. pair (see b. capacity), 
b. value of the blood, the ability of the blood to compensate 
for acid-alkali fluctuations without disturbance of the pH. 

Buffon (boo'*fon), Com pi de (Georges Louis Leclcrc). French 
naturalist. 1707-1788. Published Histoire Naturelle. Some of his 
views on evolution and the origin of species anticipated Darwin by 
more than a hundred years. 

buffy coat. Crusta inflammatoria; crusta phlogistica; the upper, 
lighter portion of the blood clot (coagulated plasma and while 
blood cells), occurring when coagulation is delayed so that the red 
blood cells have had time to settle a little; the portion of 
centrifuged. anticoagulatcd blood which contains leukocytes and 
platelets. 

bufo*. Sec bufa-. 

bufogenin B. A steroid toxin from Chinese toads; a 3/3.14.16- 
lrihydroxy*bufa»20.22-dienolide; ef. bufalin. 

Bufonidae (L. bufo, load]. A family of toads whose dermal 
glands secrete several kinds of pharmacologically active substance! 
having a cardiac action similar to that of digitalis. 

bufotalin. The steroid of a bufotoxin (bufogenin). It is bufogenin 
B acctylaied al Ihe C-16 OH. 

bufoten'ine. Mappine; 3-(2-dimelhylaminoethyl)indol*5*ol; 
/V.AAdimethylserotin; a psychotomimetic agent isolated from the 
venom of certain loads. 1 1 raises the blood pressure by a 
vasoconstrictor action and produces psychic effects including 
hallucinations. It is also present in several plants and is one of the 
active principles of cohoba. 

bufotox'in. Vulgarobufotoxin; a toxic substance in venom of 
Bufa vulgaris, the common European toad; bufotalin esierificd with 
suberylargtntne at C-l 4 OH group. 

bufotox'ins. A group of steroid lactones (conjugates of bufoft* 
nins and tuberylarginine at C-l 4) of digitalis present in the venoms 
of the Bufonidae. Their effects are similar to but weaker than those 
of ihe bufagins. 

bug'gery [O.F. bougre, heretic]. Bestiality; sodomy. 
Buhl (boo!), Ludwig von, German pathologist, 1816-1880. See B.*i 
disease. 

Buitt, Robert C, Scottish obstetrician, 1860-1939. See B. t meth- 
od. 

bulb [L. bulbus, a bulbous root]. I. Any globular or fusiform 
structure. 2. Medulla oblongata. 3. A short, vertical underground 
stem of plants such as scilla and allium. 

aortic b„ buJbus aortae. 

arterial b.» buJbus aortae. 

carotid b„ sinus caroticus. 

b. of corpus spongiosum, bulbus penis. 

dental b., the papilla, derived from mesoderm, thai forms tbe 
part of the primordium of a tooth which is situated within the 
cup-shaped enamel organ. 

duode'nal b.. duodenal cap. 

end b„ one of the oval or rounded bodies in which the sensory 
nerve fibers terminate in mucous membrane. 

b. of eye, buJbus oculi. 

hair b„ bulbus pili. 

Ju'gular b„ bulbus venae jugularis. 

Kra use's end b„ corpuscuJum bulboideum. 

b. of lateral ventricle, a rounded elevation in the dorsal p*" 
of the medial wall of the posterior horn of the lateral ventrick- 
produced by the forceps major. 

otfac'tory b., buJbus olfactorius. 

b. of pent*, buJbus penis. 

rachld'lan b., medulla oblongata 



Rou get's b„ a venous pi 
taste b. f caJicuJus gustat< 
b, of ure'thra, bulbus pi 
b. of vestibule, buJbus % 
bulbar. I. Relating to a bul 

medulla oblongata, 
bulbf'tls. Inflammation of 
bulbocap'nlne (G. boJbos. 

An alkaloid from CorydaJh 

Fumariaceae). Produces a s 

recommended in the treatmer 

disease, paralysis agitans. an. 
bul'bocaverno'sus. See u 
bulboid [G. bolboeidis. U 

resemblance). Bulb-shaped, 
bulbonu'clear. Relating to 
bulbopon'tine. Denoting i 

pons and ihe region of the m 
bulbosac'ral. Relating to 
segments of the spinal cord, 
bulbospinal. Relating to ih 
particularly to nerve fibers in 
bulbourethral (bul'bo-u-rc'i 
bulbus, gen. and pi. bull 

b. aor'tae [NAJ. aortic bult 
dilation where the truncus ant 

b. cordis, b. aortae. 

b. cornus posteriori [N, 
lateral ventricle of the brain; i 
of ihe posterior horn producet 
of the corpus callosum as the 
lobe. 

b. oc uli (NAJ. bulb of the < 
proper wilhout the appendage 

b. olfacto'rius [NAJ, olfi 
inferior extremity of the olfac 
plate of the elhmoid and rece 




Olfactory 
bulb 



Cribriform 
plate of 
ethmoid 

Olfactory 
mucosa 
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Main Entry: 1 bud 
Pronunciation: 'b&d 
Function: noun 

Etymology: Middle English budde 
Date: 14th century 

1 : a small lateral or terminal protuberance on the stem of a plant that may develop into a flower, leaf, or 
shoot 

2 : something not yet mature or at full development: as a : an incompletely opened flower b : child , 
youth c : an outgrowth of an organism that differentiates into a new individual : gemma ; also : 

PR1MORDIUM 

- in the bud : in an early stage of development in the bud> 
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Main Entry: prrmordrum 
Pronunciation: -dE-&m 
Function: noun 

Inflected Form(s): plural prvmordia /-dE-&/ 
Etymology: New Latin, from Latin 
Date: 1671 

: the rudiment or commencement of a part or organ 
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organogenesis 



organogenesis, 

in embryology, the series of organized integrated processes that transforms an amorphous 
mass of cells into a complete organ in the developing embryo. The cells of an 
organ-forming region undergo differential development and movement to form an organ 
primordium, or anlage. Organogenesis continues until the definitive characteristics oi'tHT 
organ are achieved . Concurrent with this process is histogenesis; the result of both 
processes is a structurally and functionally complete orgaa The accomplishment of 
organogenesis ends the period during which the developing organism is called an embryo 
and begins the period in which the organism is called a fetus. See also histogenesis. 

O 1999-2000 Britannica.com and Encyclopaedia Britannica, Inc. 
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Main Entry: organ 
Pronunciation: 'or-g&n 
Function: noun 

Etymology: Middle English, partly from Old English organa, from Latin organum, from Greek organon, 
literally, tool, instrument; partly from Old French organe, from Latin organum; akin to Greek ergon 
work — more at wiJfKK 
Date: before 12th century 

1 a archaic : any of various musical instruments; especially : WIND instrument b (1) : a wind 
instrument consisting of sets of pipes made to sound by compressed air and controlled by keyboards and 
producing a variety of musical effects - called also pipe organ (2) : KEEP ORGAN (3) : an instrument in 
which the sound and resources of the pipe organ are approximated by means of electronic devices (4) : 
any of various similar cruder instruments 

2 a : a differentiated structure (as a heart, kidney, leaf; or stem) consisting of cells and tissues and 
performing some specific function in an organism b : bodily parts performing a function or cooperating in 
an activity oigaro> 

3 : a subordinate group or organization that performs specialized functions organy of government 

4 ; PERIODICAL 
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EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 












C-l 


Science Daily (American 
Heart Association), 1998, 
"Study is first ever to 
document protein therapy 
induces creation of new 
blood vessels to the human 
heart" 

SYNOPSIS: For the first 
time ever, growth factor 
inserted into the body 
grows a new vascular 
system. 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 


C-2 


Circulation, 1998, 
"Induction of 
neoangiogenesis in 
ischaemic myocardium by 
human growth factors: first 
clinical results of a new 
treatment of coronary heart 
disease" 

SYNOPSIS: Anew 
therapeutic concept and 
followup tests confirm a 
true de novo vascular 
system was formed . 
Vascular buds consisting of 
endothelial sprouts 
(capillaries) were created. 
The capillaries grew further 
and differentiated into two- 
layered metarterioles. The 
process of organogenesis 
continued with the 
metarterioles differentiating 
into three-layered arterioles 
(arteries). 


Blood 
vessels to 
heart 


Injection 


Human recombinant 
basic fiberblast growth 
factor (genetically 
manipulated and 
produced) 



1 



EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 


C-3 


Circulation. 1998. 
Editorial, "Angiogenic 
therapy of the human heart" 

SYNOPSIS: Basic 
research in a different field 
(cancer) purified 
angiogenic growth factors 
in the 1980's. A novel 
clinical application of these 
growth factors introduces a 
new modality-the 
regulation of blood vessel 
growth. 


Editorial 


Editorial 


Editorial 


C-4 


NIH Press Release: 1999. 
"Growing New blood 
vessels with a timed-release 
capsule of growth factor is 
a promising treatment for 
heart bypass patients, finds 
NHLBI Study" 

SYNOPSIS: Researchers 
at Harvard Mecial School 
inserted timed-release 
capsules of basic fibroblast 
growth factor into [human] 
heart muscle to grow new 
blood vessels. 


Blood 
vessels to 
heart 


Insertion of 

timed-release 

capsule 


Basic fibroblast growth 
factor 


C-5 


The Lancet 1996. "Clinical 
Evidence of angiogenesis 
after arterial gene transfer 
of phVEGF in Patient with 
Ischaemic limb" 

SYNOPSIS: Growth factor 
plus living material 
(plasmid) inserted into the 
body with a gel carrier to 
grow new blood vessels in 
the leg of a patient. 


Blood 
vessels to 
leg 


Balloon 

Catheter/ 

hydrogel 


Vascular endothelial 
growth factor plus living 
material (plasmid) 
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EXH. 
NO. 


MATERIAL AND DATE 


SOFT 
TISSUE 


TECHNIQUE 


GROWTH 
FACTOR 


C-6 


U.S. Patent No. 5,652,225 
(1997) Parent application 
filed 10/04/94 

SYNOPSIS: The 
formation of new blood 
vessels in a human host by 
inserting a growth factor 
with a carrier into the body. 


Formation 
of new 
blood 
vessels 


Balloon catheter/ 
hydrogel 


Angiogenic growth 
factors 


C-7 


Harvard University 
Gazette. 1998, "New 
Arteries Grown in Diseased 
Hearts" 

SYNOPSIS; Harvard 
Medical School researchers 
inject basic fibroblast 
growth factor through a 
carrier (tube) to grow new 
arteries in a human heart. 


Formation 
of new 
arteries in 
hearts 


Injection via 
tube (catheter); 
and implanted 
timed-release 
capsules 


Basic fibroblast growth 
factor 
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Study Is First Ever To Document Protein 
Therapy Induces Creation Of New Blood 
Vessels To The Human Heart 



DALLAS, Feb. 24 — For the first time, scientists have published research 
evidence that recombinant protein therapy can create new blood vessels to 
increase blood supply to the human heart. The report from German 
scientists appears in today's Circulation: Journal of the American Heart 
Association. 

FGF-I, a human growth factor obtained through genetic engineering, was 
used in 20 patients with some form of ischemic or coronary heart disease, 
which results from blockages in the vessels leading to and from the heart. 
By injecting the growth factor near the blocked vessels, the scientists were 
able to induce neoangiogenesis — the process by which the body can grow 
its own new capillary network to bypass occluded vessels. 

"This capillary network is a true de novo vascular system," says 
Thomas-Joseph Stegmann, MJD., head of the department of thoracic and 
cardiovascular surgery at the Fulda Medical Center, Fulda, Germany. "We 
were able to use the recognized physiological effects of FGF-I to induce 
neoangiogenesis in the human ischemic heart." 

As early as four days after application of FGF-I, the vascular structure 
around the diseased vessels was completely altered in all 20 of the 
patients. Like the spokes of a bicycle wheel, the new capillary vessels 
radiated outward from the point of injection, resulting in a twofold to 
threefold increase in blood flow to the heart, says the study's lead author. 

Researchers found, on average, the ejection fraction of the 20 patients 
improved from 50.3 percent to 63.8 percent in the three years following 
the procedure. Ejection fraction measures how much blood leaves the 



EXHIBIT C-l 



10/25/00 628 PM 



heart with each beat and indicates how well the left ventricle - the heart's 
main pumping chamber — is functioning. 

In follow-up angiographic imaging of the patients, it was clear that the 
growth fector injection had stimulated the creation of anew vascular 
system, says Stegmann. Three months after the procedure, he and his 
colleagues examined angiograms — X-ray images of the heart — of both 
the treated and control (untreated) patients and found that no blockages 
had formed in the new vessels. 

All of the patients who received the FGF-I three years ago are still alive. 
The scientists report that no negative side effects have been seen in the 
patients who received the FGF-I. 

Elizabeth Nabel, M.D., an American Heart Association board member, has 
done extensive research in gene and recombinant protein therapy over the 
past 12 years. She says this new research is encouraging for cardiovascular 
surgeons. 

"It's a very important therapy for patients who have blocked arteries that 
are not amenable to bypass," says Nabel, professor of internal medicine 
and physiology and chief; division of cardiology at the University of 
Michigan. "This is not to say that bypass should be abandoned, but this 
research shows angiogenesis is a powerful therapy to be used with bypass 
surgery." 

The procedure is still experimental, but scientists say the use of FGF-I 
may particularly benefit patients whose blocked vessels cannot be treated 
by cardiac bypass operations. 

"At the moment, this procedure could not replace conventional bypass 
surgery," says Stegmann. "The question remains to be answered whether 
FGF-I or other growth factors are able to treat occlusions of greater 
coronary vessels, but currently, this is not possible." 

Scientists have used gene therapy to grow vessels in other parts of the 
body — such as in the legs in order to improve the health of patients who 
have blockages in lower leg blood vessels — but this is the first published 
account of the use of recombinant protein therapy to induce angiogenesis 
in human hearts. 

FGF-I was obtained from strains of Escherichia coli by genetic 
engineering, then isolated and highly purified the recombinant FGF-I 
protein. After several series of animal experiments demonstrated the 
potency of FGF-I, it was used in humans for the first time. 

When scientists create recombinant protein, they take the DNA of a 
growth fector (in this case FGF-I) and manipulate it into RNA 
(ribonucleic acid) by growing it in bacteria cultures in the laboratory. 
RNA is then manufactured into protein, which is isolated and purified 



before it is injected into the hearts of patients. 

Twenty patients — 14 men and 6 women who were at least 50 years old - 
who had no prior histoiy of heart attack or cardiac surgery had an 
operation to clear blockages in more than one vessel. All of them had 
stenosis — narrowed blood flow due to atherosclerosis — in their internal 
mammary artery/left anterior descending coronary artery. During the 
operative procedure, the growth factor protein - in a dosage of 0,01 
milligrams per kilogram of body weight - was directly injected into the 
heart muscle near the blockage. 

Prior to using the treatment in humans, the scientists performed several 
series of animal experiments, most specifically in ischemic rat hearts. 
Having found that the FGF-I injection worked in those animal models, the 
researchers theorized that it would also work in humans. 

Study co-authors are P. Pecher, M.D.; B.U. von Specht, MD. and B. 
Schumacher, M.D. 



Note: This story has been adapted from a news release issued by American Heart Association for 
journalists and other members of the public If you wish to quote from any part of this story, please 
credit American Heart Association as the original source. You may also wish to include the 
following link in any citation: 

http:/fowy\KSciencedailvxom/releases/1998m 
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Induction of Neoangiogenesis in Ischemic Myocardium by 

Human Growth Factors 
First Clinical Results of a New Treatment of Coronary Heart Disease 

B. Schumacher, MD; P. Pecher, MD; B.U. von Specht, MD; Th. Stegmann, MD 

Background — The present article is a report of our animal experiments and also of the first clinical results of a new treatment for 
coronary heart disease using the human growth factor FGF-I (basic fibroblast growth factor) to induce neoangiogenesis in the 
ischemic myocardium. 

Methods and Results' — FGF-I was obtained from strains of Escherichia coli by genetic engineering, then isolated and highly purified. 
Several series of animal experiments demonstrated the apathogenic action and neoangiogenic potency of this factor. After 
successful conclusion of the animal experiments, it was used clinically for the Erst time. FGF-I (0.01 mg/Leg body weight) was 
injected close to the vessels after the completion of internal nummary artery (IMA)/left anterior descending coronary artery 
(LAD) anastomosis in 20 patients with three-vessel coronary disease. All the patients had additional peripheral stenoses of the 
LAD or one of its diagonal branches. Twelve weeks later, the IMA bypasses were selectively imaged by intra-arterial digital 
subtraction angiography and quantitatively evaluated. In all the animal experiments, the development of new vessels in the 
ischemic myocardium could be demonstrated angiographically. The formation of capillaries could also be demonstrated in 
humans and was found in all cases around the site of injection. A capillary network sprouting from the proximal part of the 
coronary artery could be shown to have bypassed the stenoses and rejoined the distal parts of the vessel. 

Conclusions — We believe that the use of FGF-I for myocardial revascularization is in principle a new concept and that it may be particularly 
suitable for patients with additional peripheral stenoses that cannot be revascularized surgically. {Circulation. 1998;97:645-650.) 

Key Words: growth substances ■ angiogenesis ■ coronary disease 
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For the cardiac surgeon who is attempting to treat CHD, the 
use of sections of autologous blood vessels as bypass material is 
subject to severe limitations. Autologous arterial conduits arc in 
short supply, and segments of the saphenous vein do not remain 
patent for very long. u Furthermore, "complete" revascularization 
is limited if diffuse coronary arteriosclerosis is present and exten- 
sive, especially if there are additional peripheral stenoses. 

See p 628 

In the search for alternative and/or additional treatment for 
improving the long-term prognosis, especially in difiuse CHD, 
attention has recently been directed Coward natural angxogene- 
ns.*^ Growth factors, especially FGF-I, have recendy become of 
major importance because they can induce angiogene$is.* ,UM1 

Gimenez-Gallego et al u succeeded in elucidating die biochem- 
ical structure of FGF-I in 1985. Jaye et al" isolated human FGF-I 
from brain tissue in 1986. In 1991, Forough and coworkers 15 
successfully used the technique of gene transfer to introduce the 
information for expressing human FGF-I into apathogenic Esdi- 
erithta coli. 

Our aim was to evaluate the information currendy available 
on the biological effect of angiogenetic growth factors in 
animals and, if appropriate, to use human growth factor for the 



treatment of CHD. This involved (1) the production of human 
growth factor by genetic engineering, followed by its isolation, 
characterization, and purification; (2) using animal experiments 
to establish its angiogenetic potency and to exclude any 
possible pathogenic effect; and (3) using FGF-I clinically as an 
adjunct to coronary surgery and to demonstrate neoangiogen- 
esis in the ischemic human myocardium. 

Methods 

Production and Purification of FGF-I 
The production and purification of human FGF-I is a biochemically 
elaborate technique. The individual experimental steps have been 
reported elsewhere.*- 7 

Genetic engineering was used to produce, human FGF-I from 
apathogenic strains of E coli, a plasmid containing the genetic 
information being introduced into the micfoorganunu.' 1 These were 
kindly provided by Prof T. Maciag (Laboratory of Molecular Biology, 
American Red Cross, Rockville, Md). After production, FGF-I was 
eluted by heparin sepharose column chromatography, and several 
elution fractions were collected and purified by dialysis. Positive 
protein elution fractions were identified in the BIO-RAD assay 7 by 
SDS-PAGE," and the biochemical isolation of FGF-I was confirmed 
by the Western blot method. 17 Further purification was obtained by 
HPLC." The factors were lyophtlized and stored at -32°C and 
diluted to 1 mL with NaCl solution containing 500 IU of heparin. 



Received January 9, 1997; revision received December 1, 1997; accepted December I. 1997. 

From the Klinik fttr Thorax-, Hen und GctaGchirurgie, Klinikum Fulda, Germany, and Chirurgische Forschung (B.U.v.S.), Univenitatskiinik Freiburg, 
Germany. 

Correspondence to B. Schumacher* MD, Klinik fur Thorax*, Hers und Gefiflchirurgie, Klinikum Fulda, Pacelliallce 4, D-36043 Fulda, Germany. 
O 1998 American Heart Association, Inc. 



645 




EXHIBIT C-2 



1 



646 



Induction of Neoangiogenesis in Ischemic Myocardium 





Selected Abbreviations and Acronyms 


CHD 


« coronary heart disease 


EDP 


m electronic data processing 


FGP 


- basic fibroblast growth fector 


HPLC 


" high-pressure liquid chromatography 


IMA 


■» intenul marnmary artery 


LAD 


m left anterior descending coronary artery 



Chorioallantoic Membrane Assay 

This established method, which provides a direct demonstration of the 
effect of growth factors on living tissue, was used to investigate the 
angiogenetic effect of FGF-I. ,, - ao The growth of the allantoic systems 
can be directly observed by light microscopy. After incubation of 20 
fertilized hen eggs for 13 days, the growth factor was applied to the 
membrane and covered with tissue culture coverslips. Four days later, 
the membrane was examined under the light microscope and directly 
compared with controls untreated with FGF-I or treated with 
heat-denatured FGF-I (70°C for 3 minutes). 

Exclusion of the Pyrogenicity of FGF-I 
Varying concentrations of FGF-I (0.01, 0.5, or 1.0 mg/kg body 
weight) were injected subcutaneously, intramuscularly, or intrave- 
nously into 27 New Zealand White rabbits, the solvent alone being 
used for an additional 13 controls. Thereafter, the rectal temperature 
was taken every half hour for 3 hours, hourly for the rest of the day, 
and every 8' hours for 12 days. A daily white cell count was also 
repeated for 12 days (see "Results"). In addition to this, the erythro- 
cyte sedimentation rate and the C-reactive protein values . were 
determined on the 3rd, 6th, 9th, and 12th days after the injection. 

Confirmation of the Angiogenetic Potency of 
FGF-I in Animal Experiments 

Supplementary to our earlier experiments/' 7 the effect of FGF-I was 
also investigated in the ischemic hearts of inbred Lewis rats (a total of 
275 animals, including 125 controls treated with heat-denatured 
FGF-I, 70°C for 3 minutes). The pericardium was opened via the 
abdominal wall and diaphragm, and two titanium clips were inserted 
, at the apex of the left ventricle to induce myocardial ischemia. Growth 
factor (mean concentration of 10 /ig) was then injected locally into the 
site. The coronary vessel system was imaged by aortic root angiogra- 
phy after 12 weeks and, finally, a specimen from the same myocardial 
region was evaluated histologically. 

Clinical Use of FGF-I in Patients With CHD 
This study was approved by the Medical Research Commission at the 
Phillips University of Marburg on August 10, 1993 (No. 47/93). This 
is the usual ethics commission lor our hospital Twenty patients 
without any history of infarction or cardiac forgery (14 men and 6 
women; rninimum age, 50 yean) were subjected to an elective bypass 
operation for mulrivessei coronary heart disease. The growth factor 
was applied directly during die operation. As a control group, 20 
patients who underwent the same procedure were given heat- 
denatured FGF-I (70°C for 3 minutes). The choice of treatment was 
completely random, the names being placed in sealed envelopes and 
selected in a blinded manner. 

The details, nature, and aims of this procedure were explained 
beforehand to every patient who underwent the operation. In all cases, 
we received their fully informed consent. Both groups of patients were 
\ closely comparable with regard to clinical symptoms, accompanying 
disorders, cardiovascular risk factors, ventricular function, sex, and age. 
A comparable coronary morphology was found in both groups. 

All patients had a further stenosis in the distal third of the LAO or 
at the origin of one of its branches in addition to a severe proximal 
stenosis. The mean ejection fraction of the left ventricle for all patients 
was SOS. The operative procedure for coronary revascularization with 
autologous grafts (an average per patient of 2 to 3 venous bypasses and 
1 from the left IMA) was routinely performed. FGF-I (mean concen- 




Figure 1. Intraoperative administration of growth factor. 

trabon, 0.01 mg/kg body weight) was injected into the myocardium, 
distal to the IMA/LAO anastomosis and close to the LAD, during the 
maintenance of the extracorporeal circulation and after completion of 
the distal anastomoses (Fig 1). In the control group, heat-denatured 
FGF-I was substituted for FGF-I. After 12 weeks, the IMA bypasses of 
all the patients were imaged selectively by transfemoral, intra-arterial, 
and digital subtraction angiography. 

Angiograms obtained in this way were evaluated by means of 
EDP-a&sbted digital gray-value analysis, a universally recognized and 
well-established technique for demonstrating capillary neoangiogen- 
e$is. ,, " li Sites of interest both with and without FGF-I (meaning 
heat-denatured FGF-I) were selected in the vessels filled with contrast 
medium and in regions of the myocardium distal to" the IMA/ LAD 
anastomosis. One hundred pixels were selected from each lite of 
interest and analyzed digitally. Complete blackening of the x-ray films 
was rated with a gray value of 150, and areas without blackening of the 
film were allotted a zero value. During the first 5 postoperative days, 
separate laboratory checks in addition to the routine postoperative 
follow-up procedures were made twice daily, and the temperature 
checked three times a day. 

Results 

After separation, purification, and stabilization, we were able to 
isolate human FGF-I in all 40 bacterial cultures and demon- 
strate its high degree of purity. Fig 2 shows an HPLC profile of 
the growth factor after routine purification. The peak values at 
the beginning and end of the profile represent impurities that 
could be identified as E colt proteins. FGF-I could be farther 
separated by fractionated collection, and the control HPLC 
(Kg 3) merely shows die peak value of this fraction on an 
otherwise even baseline. 
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Figure 2. HPLC profile before high purification. HBGF-I Indi- 
cates human FGF-I; 96 E, extinction. 
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Figure 3. HPLC profile atter high purification. HBGF-I Indicates 
human FGF-I; %£. extinction. 

In the chorioallantoic membrane assay, the angiogenctic po- 
tency of FGF-I could be demonstrated in vivo. As early as 4 days 
after application of the factor, the vascular structure of the 
membrane was completely altered Emanating radially from the 
site of application, an unequivocal growth of new vessels from the 
original host vessels had grown out into the periphery (Fig 4A). 
These structures were completely absent from the control group, 
and a normally developed reticular vascular pattern could be 
discerned (Fig 4B). 

Pyrogenic effects of the human growth factor produced in this 
way could be definitively ruled out in the animal model. There 
was no significant rise of body temperature when checked at short 
intervals and no trace of an inflammatory reaction in comparison 
with the control group (n=13) in any of the 27 test animals 
during the period of observation. This result was independent of 
the concentration and the route of administration (intravenous, 
subcutaneous, or intramuscular) of the factor. 

Earlier investigations into the application of FGF-l to the 
nonischemic rat heart made it possible to demonstrate neoan- 
giogenesis both histologically and angiographically after 9 
weeb in 1 1 of 12 test animals after the implantation of a tissue 
bridge pretreated with growth factor between the heart and 
thoracic aorta. In the control group without FGF-I (n=6), no 
signs of induced neoangiogenesis could be found. 4,7 

Unequivocal proof of induced neoangiogenesis was also found 
in the ischemic rat heart. In the test animals, in which myocardial 
ischemia had previously been induced with titanium dips and 
growth factor had subsequently been injected into the myocardi- 
um, a manifest accumulation of contrast medium was shown by 
aortic angiography at the site of the FGF-I injection 12 weeks later 
(Fig 5 A), whereas such an accumulation of contrast medium did 
not appear in any of the control animals (Fig 5B). Histological 
examination of the myocardium revealed a threefold increase in 
the capillary density per square millimeter around the site of the 
FGF-I injection. 

When the growth factor FGF-I was used clinically for the first 
time on the human heart, neoangiogenesis together with the 
development of a normal vascular appearance could be demon- 
strated angiographically, exactly as in the earlier animal experi- 
ments. 4,7 Selective imaging of the IMA bypasses by intra-arterial 
digital subtraction angiography confirmed the following result in 
all 20 patients: at the site of injection and in the distal areas 
supplied by the LAD, a pronounced accumulation of contrast 




lOug HBGF-I 




without HH(;i -I 

Figure 4. A, Chorioallantoic membrane assay with application 
of the growth factor. B, Chorioallantoic membrane assay of the 
control group. HBGF-I Indicates human FGF-I. 



medium extended peripherally around the artery for ~3 to 4 cm, 
distal to the IMA/LAD anastomosis (Fig 6A). in the control 
angiograms of patients to whom only heat-denatured FGF-l had 
been .given, the IMA/LAO anastomosis was also recognizable, but 
the accumulation of contrast medium described above was absent 
(Fig 6B). The angiograms of both the treated and control groups 
were recorded at a rate of four images per second, and these show 
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Figure & A, Administration of the growth factor In ischemic rat 
heart with a clearly discernible accumulation of contrast medium at 
the site of Injection. B, No oTscemfble accumulation of contrast 
medium In the control group. HBGfM indicates human FGFf-l, 

comparable distances between the beginning of the injection and 
visualization of the medium. 

At the site of injection of the FGF-I, a capillary network 
could be seen sprouting out from the coronary artery into the 
myocardium. This enabled retrograde imaging of a stenosed 
diagonal branch to be performed (Fig 7A). Such "neocapillary 
vessels'* can also provide a collateral circulation around addi- 
tional distal stenoses of the LAD (Fig 7B) and bring about 
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Figure 6. A, Angiography after Injection of the growth factor 
Into the human heart shows a pronounced accumulation of con- 
trast medium compared with the control group. 8, Angiography 
in the control group does not show any Increased accumulation 
of contrast medium around the IMA/LAD anastomosis. HBGF-I 
Indicates human FGF-I. 

retrograde filling of a short segment of the artery distal to the 
stenosis. In none of the angiograms of the treated patients taken 
12 weeks! after the operation were any new stenoses of the 
LAD detectable. 

The results of EDP-assisted digital gray value analysis for 
quantification of the neoangiogenesis (Fig 8) gave a mean gray 
value of 124 for the vessels. The control myocardium reached 
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Roure 7. A. Collateraltzatlon of stenoses (arrow): a diagonal 
branch occluded just dlstaJ to its origin Is filled through the 
newly grown capillaries. B, Collaterallzatlon of stenoses (arrow) 
by newly grown capillaries: the peripherally stenosed LAD Is 
fitted through these vessels. HBGF-l Indicates human FGF-I. 

a gray value of only 20, and that of the myocardium injected 
with FGF-I gave a value of 59 (Fig 8). 

Discussion 

Normal capillaries have a cell population with a low turnover rate 
of months or years. On occasion, however, a high turnover rate 
of this cell population is possible even under physiological 




Figure 6. Quantitative gray value analysis of contrast medium 
accumulation In the angiography shows a twofold to threefold 
Increase In the local blood flow at the site of Injection. HBGF-I 
Indicates human FGF-I. 

! 

conditions, and this naturally leads to the rapid growth of new 
capillaries and other blood vessels. Such a physiological process 
occurs ih the development of the placenta, in fetal growth, and in 
wound healing, as well in the formation of collaterals in response 
to tissue ischemia. "Angiogenetic growth factors," which are 
bicdhemicafly polypeptides, are essential for such processes as 
capillary growth or neoangiogenesis. These growth factors (for 
instance, the human heparin-binding FGF-I) bring about their 
effect by significandy increasing cell proliferation, differentiation, 
and migration via a high-affinity receptor system on the surfaces of 
the endothelial cells. 8 -' 0 "" 

During the last few years, several working groups have been 
able to establish indications for the effective use of growth factors 
to improve blood flow in the presence of tissue ischemia in animal 
experiments. 3,9,27 Yanagisawa-Miwa et af succeeded in demon- 
strating a significant collateralization together with reduction in 
the size! of the infarct after intracoronary administration of growth 
factor in rabbits. Bafibur et al 3 also observed a significant formation 
of collaterals in ischemic extremities after growth factor adminis- 
tration in animals. Albes et al r produced a distinct improvement 
in the j blood flow in ischemic tracheal segments implanted 
subcutaneously in rabbits by injecting growth factor-enriched 
fibrin glue locally. 

After growth factor was injected into the ischemic rat heart, 4,7 
we were able to observe induced neoangiogenesis and confirm it 
angiographically. We were also able to prove histologically that 
this neoangiogenesis brings about the development of new 
vascular structures with a three-tayered vessel wall. Angiographic 
imaging confirmed that these arc anatomically normal capillaries 
and otner blood vessels. 

The! production of human FGB4 by our molecular biological 
method has proved to be a complex but readily reproducible 
procedure. From die hacftrH cultures, we are able to isolate the 
factor as a pure substance in sufficient quantities. By in vitro assay and 
as a result of extensive animal experiments, we were able to exclude 
the possible pyrogenic effects of FGF-I. 

In earlier animal experiments, 4 we were able to demonstrate the 
proliferative and mitogenic effects of the growth factor on human 
saphenous vein endothelial cells. Endothelial cell cultures with 
added growth factor induced a confluent monolayer after only 5 
to 9 days, whereas the monolayer was not complete before 7 to 1 1 
days in the control group. In addition to determining the total cell 
count with a cell counter, we also confirmed this result by 
analyzing the rate of DNA synthesis by measuring the incorpo- 
ration of 3 H-myrnidine into the endothelial cell nuclei using the 
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method of Kbpbwn and $bm&* Tlie cdl proKfentn^ potency 
of FGW could be further intensified by adding heparin, a 
g^ycosainino^ycan protect^ 

by f frinV enzymes and from heat and chemical denaturation* 

On the bass of these in vitro and in vivo eaoxriments, we 
established for the first time the efficacy ofFGF-I for meitreatment 
of CHD, and were able to demonstrate mat it can induce 
neoangiogenesis in situ in the ischemic human heart. This 
possibility has been widely discussed for many years but never 
before attempted. 

A dense capillary network appeared around the site of injection 
of the factor in the myocardium of all our treated patients. This 
capillary network is a true de novo vascular system. Emerging 
from the proximal segment of the LAD, it sprouts out into the 
surrounding myocardium, bringing about a twofold to threefold 
increase in the local blood supply through these newly formed 
functional vessels. We were able to use the recognized physio- 
logical effects of FGF-I (as they occur in the repair mechanism of 
wound healing or in colhterahzation of ischemic tissue) to induce 
neoangiogenesis in the human ischemic heart. 

We also consider that administration of FGF-I (produced in 
this way by generic engineering}, combined with operative 
myocardial revascularization, may well be an especially i appropri- 
ate treatment for patients with additional peripheral stenoses that 
cannot be treated surgically. 

In our opinion, neoangiogenesis induced by FGF-I opens up 
new possibilities for the treatment of ischemic myocardial disease. 
Furthermore, it could become a new therapeutic concept in the 
management of diffuse CHD after alternative methods of admin- 
istration have also been developed. This method of] inducing 
neoangiogenesis is also conceivable as a therapeutic option in 
other regions of the cardiovascular system in which arterial 
occlusion has led to ischemia. 30 However, before any such 
possibilities are realized, many more clinical investigations will 
have to be performed. 
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T 'he field of ingiogencsis research was initialed 27 yean ago 
by a^odicw that tumon are angiogenob-dcpendent. 1 
ShoitJy thereafter, in the cady 1970s, it became posable to 
paage vascular endothelial cefo in vitro for the 6m tune* 
Bioaoays foe angxjgcnesii were developed subsequently throudi- 
out tha, dcade. The eady 1980s saw the purification ofd^ 
^?l^LL?Lt C mid - 1960 ^ "giogebea, inhibitors 

far -ttdfa. .he warn** of InVd^atcning bxnsangtenas in 

■ I 

See p 645 



n.S^ Ppi 1 adonS of Oogenesis research are being 

^of vasojar endo^Har^^r^G^L" 

In a landmark paper, Schumacher and colleagues now report 

«o*bees« t k.»ti«* Bib , 

How they produced their own recombinant humin fibroblast 

growth &ctor-l (FCF-1, also called acidic fibroblast growth 
factor) and tested it in vitro and in vivo but also because they 



I ttMBSfy iitey Jiwue who underwent two 

or three venous bypass grafts and one from! the internal 
nummary artery, the angiogenic protein FGF-1 was injected 
into the myocardium close to the left anterior descending 
coronary artery and distal to its anastomosis with the internal 
mammary artery. FGF-1 was injected during extracorporeal 
surgery and again after completion of the ln a s fo mows . Trans- 
femoral intraHuterial digital subtraction angiography 12 weeks 
later showed coronary artery neovascularization extending out 
ftom the area of FGF-l injection. Stenoses distal to the 
anastomosis were bridged by neovascularization. This was 
rir fiilar to the neovascularization observed by the; author* in rat 
hearts injected with FGF-1. Histological sections of rat myo- 
cardium showed a threefold increase in microvessel density. In 
20 patients undergoing similar coronary artery bypass surgery 
in whom inactivated FGF-1 was injected, there was no 



The opiniom expressed in this editorial are ooc oeccawriiy <ho*c of the 
otfcton or of the Ameocan Heart Association. 

From Children'* Hospital Harvard Medical School, Cotton, Ma». 

Coitopoodcaee to Judah Folkman. MD. ChttoW. Hoapfcal, Harvard 
Medical School, HurmeweU 103. 300 Umgwood Ave. Botfon, MA 
021 15. (GTiwUlCm. tf98;97r«28-629.) 

0 1998 American Heart Astociatioo, Inc. 



evidence of myocarcHaJ neovascularization on the 12-week 
angiogram. 

An advantage of this approach is that it induces local 
angiogenesis and appears to avoid high levels of circulating 
angiogenic activity that could possibly stimulate plaque angio- 
genesis and secondary plaque growth. Why does neovascular- 
izanon persist for at least 12 weeks after only a single set of 
mcramyocardial injections of the angiogenic protein? Perhaps 
pen^ neovascubrization was facilitated by upregulation of 
SfL^^ 0 * hyPOXiC " Purthermore, basic 
^£F m ? OC «doAelialcell,in 
JJJ F „ ^ FGF <*" mcre « expression of (or mobilize) 

This report uses primarily anatomic studies to demonstrate 
increased myocardial, neovascularization after angiogemc^Sr 
W. We look forward to the follow-up of the* STL 
leam whether ^ have significant kLo^*Z e " 

inactive FGF. It may be difficult to disenminate the extent to 
which functional improvement is due to che^SSik 
therapy per se despite use of a control group. iLZZSZ 

r UQVCly Small number of patients in this study. Nevertheless, 
the angiographic documentation of myocardial revasculariza- 
tion suggests that functional improvement should follow. 

Although major therapeutic advances in cardiology have 
been based on the general principles of control of blood 
pressure, regulation of cardiac rhythm, enhancement of myo- 
cardial contractile strength, increased diameter of narrowed 
coronary arteries, and lysis of intravascular thromboses, the 
report by Schumacher et al introduces a new modality, the 
regulation of blood vessel growth. If angiogenic therapy of the 
myocardium continues to live up to its potential as indicated 
by this report, we may witness nova refinements in future 
years ts me molecular biology of endothelial cell and smooth 
cell growth is gradually uncovered. For example, the thera- 
peutic induction of coronary arterial collaterals may someday 
be optimized by administration of appropriate nurtures of 
molecules that target different components of the vasculature, 
ie, the FGFs are autogenic for vascular endothelial cells and 
smooth muscle, VEGF^ is mitogenic primarily for endothelial 
cells, angiopoietin-1 mediates the recruitment of smooth 
muscle cells to the wall of new vessels, 11 and angiopoietin-2 
appears to prevent or downregulate smooth muscle apposition 
to the walls of niicrovcssels. 1 * It is interesting that the meth- 
odology to discover these different vascular cell growth pro- 
teins emerged largely from investigations of mechanisms of 
uimorangic^enesis in studies fended primarily by the National 
Cancer Institute over many yean. The report by Schumacher 
et al Ulustrates how unpredictable are the clinical applications 
that may arise from basic research in a different field. 
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Growing New Blood 
Vessels with a 
Timed-Release Capsule of 
Growth Factor is a 
Promising Treatment for 
Heart Bypass Patients, 
Finds NHLBI Study 

By The National Heart, Lung, and Blood 
Institute 

Heart bypass patients treated with a 
timed-release capsule of a 
substance that promotes the growth 
of new blood vessels showed 
evidence of improved blood supply 
and heart function, according to a 
study supported by the National 
Heart, Lung, and Blood Institute 
(NHLBI) of the National Institutes of 
Health. 

"Growing" blood vessels, a strategy 
called angiogenesis, is a promising 
experimental treatment for blocked 
arteries in bypass surgery patients 
for whom surgery alone would not 
adequately restore blood flow to the 
heart. 

Dr. Michael Simons and colleagues 
at Harvard Medical School inserted 
timed-release capsules of basic 
fibroblast growth factor (bfGF) into 
the heart muscle of patients 
scheduled for bypass surgery. 
Patients received either a 10 
microgram (meg) or 100 meg dose 
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of the substance. Other patients 

received a harmless placebo capsule 
at the time of surgery. The relatively 
small study (24 patients total) was 
designed to test the safety and 
effectiveness of the procedure. 

The study, published in the 
November 2, 1999 issue of 
Circulation, found that there were 
no serious adverse effects of the 
treatment. Both magnetic resonance 
imaging (MRI)! and nuclear stress 
testing were used to evaluate 
changes in blood flow. Stress tests 
showed a worsening of blood flow in 
the placebo group, no change in the 
10 meg. group and significant 
improvement in patients receiving 
100 meg. MRI results showed clear 
improvement in blood flow in 
patients given 100 meg. Patients in 
the highest dose group were free of 
angina (chest pain) but some 
patients in the placebo and low-dose 
group experienced chest pain. 



Simons and colleagues note that a 
larger (Phase II) multi-center study 
of this approach is currently 
underway. 

The National Heart, Lung, and Blood 
Institute of The National Institutes of 
Health. Press Release: Growing New 
Blood Vessels with a Timed-Release 
Capsule of Growth Factor is a 
Promising Treatment for Heart Bypass 
Patients, Finds NHLBI Study. November 
1, 1999. (Online) 

http://www.nlh.aov/news/pr/nov99/nhlbi-01.htm 
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Abstract 

The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, including antisense DNA or RNA. The nucleic acid may encode hormones, enzymes, 
receptors or drugs of interest. The nucleic acid is selected based upon the desired therapeutic 
outcome. For example, in the treatment of ischemic diseases, one would select a DNA encoding an 
angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle such as cationic 
liposomes and adenoviral vectors. DNA encoding different proteins may be used separately or 
simultaneously. 
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This is a continuation of application Ser. No. 08/318,045 filed on Oct. 4, 1994 now abandoned. 

Claims 



1 . A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host, comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with a first DNA encoding an angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 
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growth factor, platelet-derived growth fector, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor and having! an operably linked secretory signal sequence or a first DNA 
encoding a modified angiogenic protein selected from the group consisting of acidic and basic 
fibroblast growth factors, vascular endothelial growth factor, epidermal growth factor, transforming 
growth factor .alpha, and .beta., platelet-derived endothelial growth factor, platelet-derived growth 
factor, tumor necrosis factor .alpha., hepatocyte growth factor and insulin like growth factor having an 
operably linked secretory signal sequence, wherein said angiogenic protein induces new blood vessel 
formation when expressed in said target tissue in an amount effective to induce new blood vessel 
formation. 

2. The method of claim 1, wherein the angiogenic protein is vascular endothelial growth factor. 

3. The method of claim I, wherein the hydrogel polymer is selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. 

4. The method of claim 1, wherein the hydrogel polymer is a polyacrylic acid polymer. 

5. The method of claim 1, wherein the hydrogel polymer is admixed with a second DNA encoding an 
angiogenic protein selected from the group consisting of acidic and basic fibroblast growth factors, 
vascular endothelial growth factor, epidermal growth factor, transforming growth factor .alpha. 

and .beta., platelet-derived endothelial growth factor, platelet-derived growth factor, tumor necrosis 
factor .alpha., hepatocyte growth factor and insulin like growth factor and having an operably linked 
secretory signal sequence or a second DNA encoding a modified angiogenic protein selected from the 
group consisting of acidic and basic fibroblast growth factors, vascular endothelial growth factor, 
epidermal growth factor, transforming growth factor .alpha, and .beta., platelet-derived endothelial 
growth factor, platelet-derived growth factor, tumor necrosis factor .alpha., hepatocyte growth factor 
and insulin like growth factor having an operably linked secretory signal sequence, wherein said 
angiogenic protein induces new blood vessel formation when expressed in said target tissue in an 
amount effective to induce new blood vessel formation, and wherein said second DNA is not the same 
as said first DNA. 

6. A method for inducing the formation of new blood vessels in a desired target tissue in a human 
host, comprising contacting an arterial cell in an artery or blood vessel via a balloon catheter coated 
with a hydrogel polymer admixed with DNA encoding vascular endothelial growth factor and which is 
expressed in an amount effective to induce new blood vessel formation. 

Description 



FIELD OF THE INVENTION 

The present invention relates to delivery of nucleic acid to arterial cells and compositions therefor. 
BACKGROUND OF THE INVENTION 

Work from several laboratories (Nabel, et.al.. Science, 249:1285-1288 (1990); Lim, et al., Circulation 
83:2007-201 1 (1991); Flugelman, et al., Circulation, 85:1 1 10-1 1 17 (1992); Leclerc, et al.', J Clin 
Invest., 90:936-944 (1992); Chapman, et al., Circ. Res., 71: 27-33 (1992); Riessen, et al . Hum. Gene 
Ther., 4: 749-758 (1993); and Takeshita, et al., J. Clin. Invest., 93:652-661 (1994), has demonstrated 
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that recombinant marker genes could be transferred to the vasculature of live animals. 

Gene delivery systems employed to date have been characterized by two principal components: a 
macrodelivery device designed to deliver the DNA/carrier mixture to the appropriate segment of the 
vessel, and microdelivery vehicles, such as liposomes, utilized to promote transmembrane entry of 
DNA into the cells of the arterial wall. Macrodelivery has typically been achieved using one of two 
catheters initially developed for local drug delivery: a double-balloon catheter, intended to localize a 
serum-free arterial segment into which the carrier/DNA mixture can be injected, or a porous-balloon 
catheter, designed to inject gene solutions into the arterial wall under pressure. Jorgensen et a!., 
Lancet 1:1 106-1 108, (1989); Wolinsky, et al,, J. Am. Coil. Cardiol, 15:475-485 (1990); March et al., 
Cardio Intervention, 2:1 1-26 (1992)); WO93/00051 and WO93/00052. 

Double balloon catheters are catheters which have balloons which, when inflated within an artery, 
leave a space between the balloons. The prior efforts have involved infusing DNA-containing material 
between the balloons, allowing the DNA material to sit for a period of time to allow transfer to the 
cells, and then deflating the balloons, allowing the remaining genetic material to flush down the artery. 
Perforated balloons are balloons which have small holes in them, typically formed by lasers. In use, 
fluid containing the genetic material is expelled through the holes in the balloons and into contact with 
the endothelial cells in the artery. These gene delivery systems however, have been compromised by 
issues relating to efficacy and/or safety. 

Certain liabilities, however, inherent in the use of double-balloon and porous balloon catheters have 
been identified. For example, neither double-balloon nor porous balloon catheters can be used to 
perform the angioplasty itself. Thus, in those applications requiring both angioplasty and drug delivery, 
e.g., to inhibit restenosis, two procedures must be preformed. Additionally, the double balloon 
typically requires long incubation times of 20-30 min., while the high-velocity jets responsible for 
transmural drug delivery from the porous balloon catheter have been associated with arterial 
perforation and/or extensive inflammatory infiltration (Wolinsky, et al., J. Am. Coil. Cardiol., 15:475- 
481 (1990). 

SUMMARY OF THE INVENTION 

It has now been discovered that nucleic acids can be delivered to cells of an artery or blood vessel by 
contacting the cells with a hydrophilic polymer incorporating the nucleic acid, thus avoiding the use of 
a double-balloon or porous balloon catheter and the problems associated with such delivery systems. It 
has also been demonstrated that, unexpectedly, the percentage of transduced arterial cells is 
significantly higher using the present invention compared with use of a double-balloon catheter. 

By "arterial cells" is meant the cells commonly found in mammalian arteries, including endothelial 
cells, smooth muscle cells, connective tissue cells and other cells commonly found in the arterial 
structure. 

By "nucleic acid" is meant DNA and RNA, including antisense DNA or RNA. 

It has further been discovered that a DNA encoding an angiogenic protein (a protein capable of 
inducing angiogenesis, i.e., the formation of new blood vessels), delivered by the method of the 
present invention is expressed by the arterial cell and induces angiogenesis in tissues perfused by the 
treated blood vessels. This allows for the treatment of diseases associated with vascular occlusion in a 
variety of target tissues, such as limb ischemia, ischemic cardiomyopathy, myocardial ischemia, 
cerebral ischemia and portal hypertension. 
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The present invention provides a method for the delivery of a nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. The nucleic acid may be 
any nucleic acid, DNA and RNA, including antisense DNA or RNA. The DNA may encode hormones, 
enzymes, receptors or drugs of interest. The nucleic acid is selected based upon the desired 
therapeutic outcome. For example, in the treatment of ischemic diseases, the genetic material of choice 
is DNA encoding an angiogenic protein. The nucleic acid may be carried by a microdelivery vehicle 
such as cationic liposomes and adenoviral vectors. DNA encoding different proteins may be used 
separately or simultaneously. 

The hydrophilic polymer is selected to allow incorporation of the nucleic acid to be delivered to the 
arterial cell and its release when the hydrophilic polymer contacts the arterial cell. Preferably, the 
hydrophilic polymer is a hydrogel polymer. Other hydrophilic polymers will work, so long as they can 
retain the genetic material of the present invention, so that, on contact with arterial cells, transfer of 
genetic material occurs. 

Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. The hydrogel polymer is preferably 
poly acrylic acid. 

Without wishing to be bound by theory, one reason that the use of hydrogel, and particularly with 
hydrogel coated balloon catheters, is believed to provide improved results over, for example, prior 
treatments with double balloon catheters, is that the use of standard balloon catheters with hydrogel 
surfaces causes the hydrogel not only to contact the endothelial cells which line the interior of the 
arteries, but also displaces the endothelial cells sufficiently to permit contact between the hydrogel and 
the smooth muscle cells which underlie the endothelial cell layer. This permits expression of 
polypeptides in different arterial cell types, which enhances the kinds and amounts of therapeutic 
polypeptides which can be produced in accordance with this invention. For example, as indicated in 
the examples below, the present method successfully produces sufficient amounts of vascular 
endothelial growth factor (VEGF) to cause angiogenesis downstream from a DNA/arterial contact 
point, despite the fact that VEGF is not normally produced even by transformed endothelial cells, but 
is produced by smooth muscle cells of the type that surround the endothelial cells in the artery. 

The arterial cell may be contacted with the hydrophilic polymer incorporating the DNA by means of an 
applicator such as a catheter which is coated with the DNA-bearing hydrophilic polymer. Preferably, 
the applicator can exert some pressure against the arterial cells, to improve contact between the 
nucleic acid-bearing hydrophilic polymer and the arterial cells. Thus a balloon catheter is preferred. 
Preferably, the hydrophilic polymer coats at least a portion of an inflatable balloon of the balloon 
catheter. 

The present invention further includes compositions comprising hydrophilic polymers incorporating 
nucleic acid. Preferably the hydrophilic polymer is a hydrogel and the nucleic acid is DNA which 
encodes an angiogenic protein. 

The present invention also provides kits for application of genetic material to the interior of an artery 
or similar bodily cavity, comprising a substrate, such as a catheter or a suitably shaped rod, and a 
source of genetic material comprising the DNA coding for the desired therapeutic polypeptide. 
Preferably, the present invention is directed to a catheter adapted for insertion into a blood vessel, 
having a balloon element adapted to be inserted into the vessel and expandable against the walls of the 
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vessel At least a portion of the balloon element is defined by a coating of a hydrophilic polymer, and 
incorporated within the hydrophilic polymer coating, a nucleic acid to be delivered to the arterial cell. 
The hydrophilic polymer is preferably a hydrogel polymer, most preferably a hydrophilic polyacryhc 
acid polymer. 

The present invention also provides a method for inducing angiogenesis in a desired target tissue, 
comprising delivering a DNA encoding an angiogenic protein to an arterial cell in an artery or blood 
vessel perfusing the target tissue. 

Other aspects of the invention are discussed infra. 

As used herein the term "angiogenic protein" means any protein, polypeptide, mutein or portion 
thereof that is capable of inducing the formation of new blood vessels. Such proteins include, for 
example acidic and basic fibroblast growth factors (aFGF and bFGF), vascular endothelial growth 
factor (VEGF), epidermal growth factor (EGF), transforming growth factor .alpha, and .beta. (TGF- 
alpha and TFG- beta.), platelet-derived endothelial growth factor (PD-ECGF), platelet-derived 
growth factor (PDGF), tumor necrosis factor .alpha. (TNF-. alpha.), hepatocyte growth factor (HGF) 
and insulin like growth factor. Preferably, the angiogenic protein contains a secretory signal sequence 
allowing for secretion of the protein from the arterial cell. VEGF is a preferred protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) show the rabbit ischemic hindlimb model. FIG. l(a)is a representative angiogram 
recorded 10 days after surgery. Once the femoral artery is excised, thrombotic occlusion of the 
external lilac artery extends retrograde to its origin from the common lilac (arrow). Open arrow 
indicates the site of arterial gene transfer. In FIG. 1(b) the shaded segment of femoral artery has been 
excised. 

FIGS 2(a) 2(b) and 2(c) illustrate (a) RT-PCR analysis of transfected arteries, (b) Southern blot 
analysis of RT-PCR products and (c) nucleotide sequence of the RT-PCR product from transfected 
rabbit lilac artery. In FIGS. 2(a) and 2(b) the expression of the human VEGF mRNA was evident in 
the rabbit lilac artery (lane 4) and cultured rabbit vascular smooth muscle cells (lane 6, positive 
control) which were transfected with human VEGF gene. Arrows indicate position of VEGF band at 
258 bp Lane 1 depicts the results using a molecular weight marker, namely pGEM3zf(-) digested with 
Hae ni; lane 2 is a negative control (no RNA); lane 3 is a second negative control (rabbit lilac artery 
transfected with .beta.-galactosidase expression plasmid); and lane 5 is a further negative control (PCR 
analysis of the VEGF-transfected lilac artery excluding the reverse transcriptase reaction). FIG. 2(c) 
shows the nucleotide sequence of the RT-PCR product from a transfected rabbit lilac artery. Direct 
sequencing of the 258 bp bands obtained by RT-PCR confirmed that this band represented the human 
VEGF sequence. The sequence designated in 2(c) corresponds to amino acids 69 to 75 of the VEGF 
peptide. Asterisks denote the nucleotides which are not conserved among different species of the 
VEGF gene (rat, mouse, bovine, guinea pig) demonstrating that the exogenous human gene was 
amplified by the RT-PCR procedure. 

FIGS 3A, 3B, 3C, 3D, 3E and 3F comprise internal lilac angiography of a control rabbit at (A) day 0 
(pre-transfection), (B) day 10, and (C) day 30 post-transfection, and of a VEGF-transfected rabbit at 
(L>) day 0 (E) day 10, and (F) day 30 post-transfection. In contrast to the control, angiographic 
examination of the VEGF-transfected animal discloses extensive collateral artery formation. 

FIGS. 4(a), 4(b) and 4(c) are graphs illustrating the effect of VEGF-transfection on revascularization 
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in an ischemic limb model. FIG. 4(a) the angiographic score at day 0 Cimmediately prior to 
transfection), and days 10 and 30 post-transfection. FIG. 4(b) Calf Blood pressure ratio at day 0, and 
at days 10 and 30 post-transfection. FIG. j(c) depicts capiUary density at day 30 post-transfection. 

(*p<0.05,**p<0.01) 

FIGS 5(a) and 5(b) illustrate alkaline phosphatase staining of ischemic bindlimb muscle, 
counterstained with eosin. FIG. 5(a) depicts the muscle of an animal transfected with pGSVLacZ. 
FIG. 5(b) depicts the muscle of an animal transfected with phVEGF.sub.165. The dark staining 
indicates capillaries as shown by the arrows. 

FIG 6 illustrates a diagrammatical cross section of a balloon catheter having a hydrophilic surface 
bearing genetic material in accordance with the present invention, in place within an artery. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method for the delivery of nucleic acid to an arterial cell comprising 
contacting the cell with a hydrophilic polymer incorporating the nucleic acid. 

The nucleic acid may be any nucleic acid which when introduced to the arterial cells provides a 
therapeutic effect. The nucleic acid is selected based upon the desired therapeutic outcome. For 
example in the treatment of ischemic diseases, one genetic material of choice would be a DNA 
encoding an angiogenic protein. DNA useful in the present invention include those that encode 
hormones enzymes, receptors or drugs of interest. The DNA can include genes encoding polypeptides 
either absent produced in diminished quantities, or produced in mutant form m individuals suffering 
from a genetic disease. Additionally it is of interest to use DNA encoding polypeptides for secretion 
from the target cell so as to provide for a systemic effect by the protein encoded by the DNA. Specific 
DNA's of interest include those encoding hemoglobin, interleukin-1, interleukin-2, interleukin-3, 
interleukin-4 interleukin-4, interleukin-5, interleukin-6, interleukin-7, interleukin-8, interleukin-9, 
interleukin-10, interleukin-1 1, etc., GM-CSF, G-CSF, M-CSR, human growth factor, insulin, factor 
VIII factor IX, tPA, LDL receptors, tumor necrosis factor, PDGF, EGF, NGF, IL-lra, EPO, .beta.- 
elobln and the like, as well as biologically active muteins of these proteins. The nucleic acid utilized 
may also be "anti-sense" DNA or RNA, which binds to DNA or RNA and blocks the production of 
harmful molecules. In addition, the DNA carried to the arterial cells in accordance with the present 
invention may code for polypeptides which prevent the replication of harmful viruses or block the 
production of smooth muscle cells in arterial walls to prevent restenosis. 

Antisense RNA molecules are known to be useful for regulating translation within the cell. Antisense 
RNA molecules can be produced from the corresponding gene sequences. The antisense molecules can 
be used as a therapeutic to regulate gene expression associated with a particular disease. 

The antisense molecules are obtained from a nucleotide sequence by reversing the orientation of the 
coding region with regard to the promoter. Thus, the antisense RNA is complementary to the 
corresponding mRNA. For a review of antisense design see Green, et al., Ann. Rev. Biochem. 55 :569- 
597 (1986), which is hereby incorporated by reference. The antisense sequences can contain modified 
suear phosphate backbones to increase stability and make them less sensitive to RNase activity. 
Examples of the modifications are described by Rossi, et al., Pharmacol, Ther. 50(2):245-354, (1991). 

In certain therapeutic applications, such as in the treatment of ischemic diseases, it may be desirable to 
induce angiogenesis, i.e., the formation of new blood vessels. For such applications, DNA's encoding 
growth factors, polypeptides or proteins, capable of inducing angiogenesis are selected. Folkman, et 
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al. f Science, 235:442-447 (1987). These include, for example, acidic and basic fibroblast growth 
factors (aFGF and bFGF), vascular endothelial growth factor (VEGF), epidermal growth factor 
(EGF), transforming growth factor .alpha, and .beta. (TGF-.beta. and TGF-.beta.), platelet-derived 
endothelial cell growth factor (PD-ECGF), platelet-derived growth factor (PDGF) itself, tumor 
necrosis factor .alpha. (TNF-.alpha.), hepatocyte growth factor (HGF) and insulin like growth factor. 
See, Klagsbrun, et al., Annu. Rev. Physiol., 53:217-239 (1991) and Folkman, et al., J. Biol. Chem. 
267: 1093 1-10934 (1992). Muteins or fragments of an angiogenic protein may be used as long as they 
induce or promote the formation of new blood vessels. 

Recent investigations have established the feasibility of using recombinant formulations of such 
angiogenic growth factors to expedite and/or augment collateral artery development in animal models 
of myocardial and hindlimb ischemia. See, Baffour, et al., J. Vase. Surg., 16:18M91 (1992) (bFGF); 
Pu, et al, Circulation, 88:208-215 (1993) (aFGF); Yanagisawa-Miwa, et al,, Science, 257:1401-1403 
(1992) (bFGF); Ferrara, et al., Biochem. Biophys. Res. Commun., 161:851-855 (1989) (VEGF). 

VEGF was also purified independently as a tumor-secreted factor that included vascular permeability 
by the Miles assay (Keck, et al, Science, 246:1309-1342 (1989) and Connolly, et al., J. Biol Chem., 
264:20017-20024 (1989)), and thus its alternate designation, vascular permeability factor (VPF). 
VEGF is a preferred angiogenic protein. Two features distinguish VEGF from other heparin-binding, 
angiogenic growth factors. First, the NH.sub.2 terminus of VEGF is preceded by a typical signal 
sequence; therefore, unlike bFGF, VEGF can be secreted by intact cells. Second, its high-affinity 
binding sites, shown to include the tyrosine kinase receptors Flt-1 and Flt-1/KDR are present on 
endothelial cells. Ferrara, et al., Biochem. Biophys. Res. Commun., 161:851-855 (1989) and Conn, et 
a!., Proc. Natl. Acad. Sci. USA, 87:1323-1327 (1990). (Interaction of VEGF with lower affinity 
binding sites has been shown to induce mononuclear phagocyte chemotaxis). Shen, et al., Blood, 
81:2767-2773 (1993) and Ciauss, et al., J. Exp. Med., 172:1535-1545 (1990). 

Evidence that VEGF stimulates angiogenesis in vivo had been developed in experiments performed on 
rat and rabbit cornea (Levy, et al., Growth Factors, 2:9-19 (1989) and Connolly, et al., J. Clin. Invest., 
84: 1470-1478 (1989)), the chorioallantoic membrane (Ferrara, et al., Biochem Biophys Res 
Commun., 161:851-855 (1989)), and the rabbit bone graft model. Connolly, et al., J. Clin. Invest., 
84:1470-1478(1989). 

Preferably, the angiogenic protein contains a secretory signal sequence that facilitates secretion of the 
protein from the arterial cell. Angiogenic proteins having native signal sequences, e.g., VEGF, are 
preferred. Angiogenic proteins that do not have native signal sequences, e.g., bFGF, can be modified 
to contain such sequences using routine genetic manipulation techniques. See, Nabel et al., Nature 
362:844 (1993). 

The nucleotide sequence of numerous peptides and proteins, including angiogenic proteins, are readily 
available through a number of computer data bases, for example, GenBank, EMBL and Swiss-Prot. 
Using this information, a DNA segment encoding the desired may be chemically synthesized or, 
alternatively, such a DNA segment may be obtained using routine procedures in the art, e.g, PCR 
amplification. 

To simplify the manipulation and handling of the DNA, prior to introduction to the arterial cell, the 
DNA is preferably inserted into a vector, e.g., a plasmid vector such as pUCl 18, pBR322, or other 
known plasmid vectors, that includes, for example, an E. Coli origin of replication. See, Sambrook, et 
al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory press, (1989). The 
plasmid vector may also include a selectable marker such as the .beta. -lactamase gene for ampicillin 
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resistance, provided that the marker polypeptide does not adversely effect the metabolism of the 
organism being treated. Additionally* if necessary, the DNA may be operably linked to a 
promoter/enhancer region capable of driving expression of the protein in the arterial cell. An example 
of a suitable promoter is the 763 -base-pair cytomegalovirus (CMV) promoter. Normally, an enhancer 
is not necessary when the CMV promoter is used. The RSV and MMT promoters may also be used. 
Certain proteins can expressed using their native promoter. 

If desired, the DNA may be used with a microdelivery vehicle such as cationic liposomes and 
adenoviral vectors. For a review of the procedures for liposome preparation, targeting and delivery of 
contents, see Mannino and Gould-Fogerite, Bio Techniques, 6:682 (1988). See also, Feigner and 
Holm, Bethesda Res. Lab. Focus, 1 1(2):2I (1989) and Maurer, R, A., Bethesda Res. Lab. Focus, 1 1 
(2):25 (1989). Replication-defective recombinant adenoviral vectors, can be produced in accordance 
with known techniques. See, Quantin, et al. t Proc. Natl. Acad. Sci. USA, 89:2581-2584 (1992); 
Stratford-Perricadet, et al., J. Clin. Invest., 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143-155 
(1992). 

In certain situations, it may be desirable to use DNA's encoding two or more different proteins in 
order optimize the therapeutic outcome. For example, DNA encoding two angiogenic proteins, e.g., 
VEGF and bFGF, can be used, and provides an improvement over the use of bFGF alone. Or an 
angiogenic factor can be combined with other genes or their encoded gene products to enhance the 
activity of targeted cells, while simultaneously inducing angiogenesis, including, for example, nitric 
oxide synthase, L-argine, fibronectin, urokinase, plasminogen activator and heparin. 

The hydrophilic polymer is selected to allow incorporation of the DNA to be delivered to the arterial 
cell and its release when the hydrophilic polymer contacts the arterial cell, 

Preferably, the hydrophilic polymer is a hydrogel polymer, a cross-linked polymer material formed 
from the combination of a colloid and water. Cross-linking reduces solubility and produces a jelly-like 
polymer that is characterized by the ability to swell and absorb liquid, e.g., that containing the DNA. 
Suitable hydrogel polymers include, for example, those selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, gelatin, polyvinylpyrrolidone, maleic anhydride polymers, 
polyamides, polyvinyl alcohols, and polyethylene oxides. Preferred hydrogels are polyacrylic acid 
polymers available as HYDROPLUS (Mansfield Boston Scientific Corp., Watertown, Mass.) and 
described in U.S. Pat. No. 5,091,205. 

The nucleic acid in aqueous solution is incorporated into the hydrophilic polymer to form a nucleic 
acid-hydrophilic polymer composition. The nucleic acid is incorporated without complexing or 
chemical reaction with the hydrophilic polymer, and is preferably relatively freely released therefrom 
when placed in contact with the arterial cells. The resulting structure comprises a support, e.g. the 
balloon of the balloon catheter, on which is mounted the hydrogel* in or on which is incorporated the 
desired DNA and its associated vehicle, e.g., phage or plasmid vector. The hydrophilic polymer is 
preferably adhered to the support, so that after application of the DNA to the target cells, the 
hydrophilic polymer is removed with the support. 

i 

An arterial ceil is contacted with the nucleic acid-hydrophilic polymer composition by any means 
familiar to the skilled artisan. The preferred means is a balloon catheter having the hydrophilic polymer 
on its outer surface, which permits the contact between the hydrophilic polymer bearing the nucleic 
acid to be transferred and the arterial cells to be made with some pressure, thus facilitating the transfer 
of the nucleic acid to the cells. However, other supports for the hydrophilic polymer are also useful, 
such as cafheters or solid rods having a surface of hydrophilic polymer. Preferably, the catheters or 
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rods or other substrates which are flexible, to facilitate threading through the arteries to reach the 
point of intended application. For cells that are not in tubular arteries, other types of catheters, rods or 
needles may be used. 

When a hydrophillic arterial balloon is used, it is not necessary to protect the balloon prior to inflation, 
since relatively little of the nucleic acid is lost in transit to the treatment site until the balloon is inflated 
and the hydrophilic polymer bearing the nucleic acid is pressed against the arterial cells. When 
hydrophilic polymer-surfaced catheters or rods are used as the vehicle or substrate, the surface can 
protected, e.g. by a sheath, until the point of intended application is reached, and then the protection 
removed to permit the hydrophilic polymer bearing the nucleic acid to contact the arterial cells. 

The vehicle, be it arterial balloon, catheter, flexible rod or other shaped vehicle, can be furnished with 
means to assist in accurate placement within the intended body cavity. For example, it can be furnished 
with a radioactive element, or made radio-opaque, furnished with means permitting easy location using 
ultrasound, etc. 

Preferably, the nucleic acid-hydrophilic composition contacts the arterial cell by means of a catheter. 
The catheter is preferably a balloon catheter constructed for insertion in a blood vessel and has a 
catheter shaft and an expandable dilation balloon mounted on the catheter shaft. At least a portion of 
the exterior surface of the expandable portion is defined by a coating of a tenaciously adhered 
hydrophilic. Incorporated in the hydrophilic polymer is an aqueous solution of the DNA to be 
delivered to the arterial cells. 

In general, when dry, the hydrophilic polymer (preferably hydrogel) coating is preferably on the order 
of about l'to 10 microns thick, with a 2 to 5 micron coating typical. Very thin hydrogel coatings, e.g., 
of about 0.2-0.3 microns (dry) and much thicker hydrogel coatings, e.g., more than 10 microns (dry), 
are also possible. Typically, hydrogel coating thickness may swell by about a factor of 2 to 10 or more 
when the hydrogel coating is hydrated. 

Procedures for preparing a balloon with a hydrogel coating are set forth in U.S. Pat. No. 5,304,121, 
the disclosure of which is incorporated herein by reference. 

A representative catheter is set forth in FIG. 6. Referring to FIG. 6, 1 is the wall of the blood vessel. 
The figure shows the catheter body 2 held in place by the inflation of an inflation balloon 3. The 
balloon comprises a hydrogel coating 4 incorporating DNA 5. 

In use, the DNA, for example, is applied ex vivo to the hydrophilic polymer coating of the balloon. To 
facilitate application, the balloon may be inflated. If necessary, the polymer may be dried with warm 
air and the DNA application repeated. The amount of DNA to be applied to the arterial surface 
depends on the purpose of the DNA and the ability of the DNA to be expressed in the arterial cells. 
Generally, the amount of naked DNA applied to the balloon catheter is between about 0. 1 and 
100 .mu.g/mm.sup.2, more preferably between about 0.5 and about 20 .mu.g/mm.sup.2, most 
preferably between about 1.5 and about 8 .mu.g/mm.sup.2. Preferably, between 0.5 mg and 5 mg of 
DNA are applied to the hydrogel coating of a balloon catheter having an inflated lateral area of about 
630 mm.sup.2 (e.g., a balloon catheter having an inflated diameter of about 5 mm and a length of 
about 40 mm), providing a surface having about 0.8 to about 8 .mu.g/mm.sup.2 of DNA when the 
balloon is inflated and contacts the interior of the artery. More preferably, between 1 mg and 3 mg of 
DNA are applied to the polymer, providing a DNA loading of about 1.6 to about 4.8 .mu.g/mm.sup.2. 
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The catheter is inserted using standard percutaneous application techniques and directed to the desired 
location, e e . an artery perfusing the target tissue. For example, in the treatment of patients with 
ocdusive peripheral arterial disease (PAD), the balloon is directed towards an artery of the leg e.g 
Mac Once the balloon has reached its desired location, it is inflated such that the hydrogel coating of 
the balloon contacts the arterial cells located on the walls of the artery and remains inflated for a time 
sufficient to allow transfer of the DNA encoding the angiogenic protein from the hydrogel to the 
arterial ceils Preferred periods of balloon inflation range from 30 seconds to 30 minutes, more 
preferably I minute to 5 minutes. Surprisingly, that is normally sufficient time to permit transfer of the 
DNA by the method of the present invention. 

Once transferred the DNA coding for the desired therapeutic polypeptide is expressed by the arterial 
cells for a period'of time sufficient for treatment of the condition of interest. Because the vectors 
containing the DNA of interest are not normally incorporated into the genome of the cells, however, 
expression of the protein of interest takes place for only a limited time. Typically, the therapeutic 
protein is only expressed in therapeutic levels for about two days to several weeks, preferably for 
about 1-2 weeks Reapplication of the DNA can be utilized to provide additional periods of expression 
of the therapeutic polypeptide. If desired, use of a retrovirus vector to incorporate the heterologous 
DNA into the genome of the arterial cells will increase the length of time during which the therapeutic 
polypeptide is expressed, from several weeks to indefinitely. 

In one preferred application, the DNA-hydrogel polymer composition can be used to deliver a DNA 
encoding an angiogenic protein to an arterial cell in an artery or blood vessel perfusing the target 
tissue Expression of the angiogenic protein and its secretion from the arterial cell induces 
aneiogenesis i e the formation of new blood vessels, in target tissues perfused by the artery or blood 
vessels allowing for the treatment of diseases associated with vascular occlusion such as limb 
ischemia, ischemic cardiomyopathy, myocardial ischemia, cerebral ischemia and portal hypertension. 

The present invention makes genetic treatment possible which can correct heretofore incorrectable 
problems. 

The present invention is further illustrated by the following examples. These examples are provided to 
aid in the understanding of the invention and are not construed as a limitation thereof. 

EXAMPLE 1 

Direct Gene Transfer with Hydrogel Polymer Balloon Catheter Applied to an Angioplasty Catheter 
Balloon Can be Used to Effect Direct Gene Transfer to the Arterial Wall. 

DNA solution was applied to the surface of an angioplasty catheter balloon with a hydrogel polymer 
(marketed under the mark Slider.TM. withHydroplus.RTM. by Mansfield Boston Scientific Corp., 
Watertown, Mass ). The catheter was constructed with a single polyethylene balloon, 2.0 mm in 
diameter and 2.0 cm in length. The Hydroplus.RTM. coating consists of a hydrophilic polyacrylic acid 
polymer crosslinked via an isocyanate onto the balloon to form an ultra-high molecular weight 
hydrogel with tight adherence to the balloon surface. The thickness of the hydrogel coating when dry 
measures between 3-5 .mu.m; upon exposure to an aqueous environment, the coating swells to 2-3 
times its initially dry thickness. In order to apply DNA to the catheter, the balloon was inflated to 4 
atm following which 20 .mu.l of DNA solution were pipetted and distributed onto the balloon surface 
using a sterile pipette tip. After the balloon's hydrogel polymer was covered with a homogeneous film 
of DNA solution, the hydrogel was dried with warm air. The above procedure was then repeated, 
resulting in a total of 40 .mu.l of DNA solution applied to the balloon. 
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For percutaneous application, luciferase DNA concentration was 3.27 .mu.g/.mu.l. DNA was 
dissolved in TE buffer (10 mM Tris, 1 mM EDTA). 

( Attempts were made to apply DNA solution to standard uncoated balloons as well. The hydrophobic 
irtoof 2e polyethylene balloon, however, made it impossible to cover the balloon with a film of 
DNA solution.) 

To determine the total amount of DNA which is successfully absorbed onto the balloon surface, 5 
M ogel balloons were coated with 40 .mu.l DNA (2 .mu.g DNA/.mu J) containing a snud amount 
of sup 35 S-labeled luciferase plasmid. (Levy, et al., Growth Factors, 2. 1 535- 545 (1990)). A 
random primed DNA labeling kit (United States Biochemical, Cleveland, Ohio) was used for the 
labeling reaction an unincorporated nucleotides were remove by ethano precipitation. After the 
coat ng procedure, the catheter tip was placed in 0.5 ml water for 15 minutes at room temperature, 
and 1 0 ml gel solubilizer (Solvable,.TM. New England Nuclear, Boston, Mass.) for 3 hours at 
50 deeree C to dissolve the gel before the scintillation fluid was added. The amount of DNA on the 
balloon was calculated from the quotient: [counts per minute (cpm) in a scintillation vial containing the 
bJloonMcpm in a vial containing 40 .mu.l of the same lot of labeled DNA (80 .mug)]. Scinullation 
counts were corrected for quench and chermluminescence. 

After coating hydrogel balloons with 40 .mu.l of DNA solution (containing 80 mug of radiolabeled 
DNA) and drying the gel, the magnitude of DNA retained on the hydrogel balloon was determined by 
comparing the amount of radioactivity on the balloons to the amount of radioactivityjn 40 mu.l of the 
original radiolabeled DNA solution. Scintillation counting revealed that 97.+-.2/o (""5) of the 
radioactively labeled DNA remained on the hydrogel coated balloon, corresponding to 78.+-. 1 .5 mu g 
of luciferase DNA. 

Reporter Genes 

The fireflv luciferase gene and the gene for nuclear-specific .beta.-galactosidase (.beta.-gal) were used 
as reporter genes to monitor the results of the transfection procedures. The luciferase expression 
vector oRSVLUC (courtesy of Dr. Allen Brasier, Massachusetts General Hospital, Boston, Mass.), 
S ofa foil length Photmus pyralis luciferase cDNA (pJD 204) (de Wet et aL, 1987) inserted into 
rPGEM3-plasmid (Brasier et aL Biotechniques, 7: 1 1 16-1 122 (1989)), under the control of Rous 
Sarcoma virus long terminal repeat (RSV-LTR) promoter. The pGSVLacZ vector contains the simian 
vims rsV40) large tumor nuclear location signal fosed to the lacZ gene (nls .beta.-gal) (Bonnerot et 
»1 Proc Natl Acad. Sci. U.S.A., 84:6795-6799 (1987)) (gift from Dr. Claire Bonnerot, Institut 
Pasteur Paris France), inserted into a pGEMl -plasmid. Nuclear staining identifies the exogenous 
construct designed to permit nuclear translocation, and thus dstinguishes expression of the transgene 
from endogenous (cytoplasmic) .beta.-gal activity. Previous concerns (Lim et aL, Circulation, 
83 2007-201 1 (1991)) regarding nonspecificity of blue staining resulting from .beta. -gal are thus 
eliminated. 

Analysis of Luciferase Activity 

The maenitude of gene expression was determined by measuring luciferase activity as described 
previously (Leclerc et aL. J. Clin. Invest., 90:936-944 (1992)) using the Luciferase Assaj r System 
(Promega Madison, Wis.). Briefly, frozen arteries were homogenized and dissolved in 300 .mu.l of 
Cell Culture Lysis Reagent (Promega) containing 1 mg/ml bovine serum albumin. Three different 20- 
mu.I aliquots prepared from each transfected specimen were mixed in a sample tube with 100 .mu.l of 
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i ..rifrnM Assav Reagent (Promega, Madison, Wis.) and inserted into a luminometer (Model 20e, 

xSc>S* reports'results on a scale established to yield as low as lO.sup.- 
^ Turner uX units (TLU). The specimen's total luciferase activity was calculated from the mean of 
the three aliquots analyzed. The luciferase values were in the linear range of a standard curve derived 
fror^a^ples with a known amount of luciferase (Sigma, St. Louis, Mo catalogue #L9009). The 
voDhilized luciferase was, according to the manufacturer's instructions, dissolved in sten e water and 
further diluted in Cell Culture Lysis Reagent with 1 mg/ml bovine serum albumin The 'following 
Ration was used to convert TLU into pg luciferase: Luciferase [pg]=-<X08+0.05 1 TLU. Using this 
formula 100 TLU corresponds to 5.0 pg of luciferase. It must be noted that the specific activity of 
luciferase standards from different vendors can vary considerably (Wolff, et al Biotechn.ques, 
1 1 474.485 (1991)) therefore, direct comparisons of luciferase reported by different groups must be 
made with caution, especially when the origin of the standard used is not specified. 

Percutaneous Transfection 

Percutaneous gene transfer experiments with the luciferase gene were performed in 13 rabbits using a 
catheter with a balloon to which a 20 .mu.m hydrogel coating had been applied and which was 
advanced through a 5 F teflon sheath. The balloon was advanced beyond the distal tip of the sheath, 
coated with 130 mu.g luciferase DNA, and pulled back into the sheath to protect the balloon from 
subsequent contact with blood. The sheath and the angioplasty catheter were then introduced via the 
rieht carotid artery and advanced to the left common lilac artery under fluoroscopic contro . The 
balloon catheter was advanced 2 cm further (beyond the distal sheath tip) into the external lilac artery 
and inflated there for 1 or 5 min. Following balloon deflation, the catheter system was removed. In 10 
animals the transfected external lilac artery as well as the contralateral control artery were removed 3 
davs later weighed and assayed for luciferase activity. In 3 additional animals, which had been 
transfected for 5 min. only, the arteries were excised 14 days after gene transfer. In these 3 animals we 
also removed the left femoral artery to check for luciferase expression directly downstream of the 
transfected segment. 



Results 



Luciferase expression was detected in all 10 (100%) percutaneously transfected arteries excised after 3 
dtyTwhether inflated for 5 min (3S6.+-.299 TLU, n-5) or 1 min (1 13.+-.59 TLU, n-5). 

Three additional animals, in which balloons were inflated for 5 min only, were sacrificed after 14 days, 
individual luciferase expression was 152.6, and 16 TLU, respectively (mean=58.+- 47 TLU). In this 
series we also measured luciferase in the adjacent femoral artery, which was not inflated. Luciferase 
expression in all these arteries was undistinguishable from background activity (mean 0.04.+-.0.29 
TLU). 

The findings demonstrate that endoluminal vascular gene transfer can be achieved successfully and 
consistently with pure DNA applied to a standard angioplasty catheter balloon coated with hydrogel 
oolvmer The hydrogel provides the absorbable medium to which one may apply a solution of pure 
DNA Drying of the gel results in a layer of concentrated DNA which is then transferred to the arterial 
wall as the balloon contacts the arterial wall coincident with balloon inflation. Experiments with 
radiolabeled DNA established that 97% of DNA applied in aqueous solution to the hydrogel-coated 
balloon was still present on the balloon after drying of the gel. Autoradiograms of the arterial wall 
demonstrated that inflation of the hydrogel balloon results in DNA uptake which is distributed across 
the full thickness of the arterial wall. DNA was shown to penetrate the intact internal elastic lamina 
and was distributed intracellularly as well as extracellularly. 
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Despite elimination of accessory transfection vehicles in this example, both the frequency of successful 
transfection and the magnitude of reporter gene expression achieved were superior to that previously 
reported from our laboratory (Leclerc, et al., J. Clin Invest., 90:936-944 (1992)) and comparable to 
the results achieved by others (Chapman, et al., Circ. Res., 71:27-33 (1992) and Lim, et al., 
Circulation, 83:2007-201 1 (1991)) using alternative delivery schemes. The success rate of transfection 
in our rabbit model as measured by expression of the luciferase transgene was 100% (37 of 37 artery 
segments), even in those cases in which the inflation time was reduced to one minute. The duration of 
inflation within a range from 10 to 30 minutes did not have significant impact on transfection 
efficiency, a feature which would be expected to facilitate human arterial, particularly coronary, gene 
transfer. 

EXAMPLE 2 

Induction of Angiogeneses In Vivo 
Methods 

Animal Model (FIG. 1). 

The angiogenic response to transfection of the gene for vascular endothelial growth factor (VEGF) 
was investigated using a rabbit ischemic hindlimb model. Takeshita, et al., J. Clin. Invest., 93:662-670 
(1994) and Pu, et al., J. Invest Surg., (In Press). All protocols were approved by St. Elizabeth's 
Institutional Animal Care and Use Committee. Male New Zealand White rabbits weighing 4-4.5 kg 
(Pine Acre Rabbitry, Norton, Mass.) were anesthetized with a mixture of ketamine (50 mg/kg) and 
acepromazine (0.8 mg/kg) following premedication with xyazine (2.5 mg/kg). A longitudinal incision 
was then performed, extending inferiorly from the inguinal ligament to a point just proximal to the 
patella. The limb in which the incision was performed-right versus left-was determined at random at 
the time of surgery by the surgeon. Through this incision, using surgical loops, the femoral artery was 
dissected free along its entire length; all branches of the femoral artery, including the inferior 
epigastric, deep femoral, lateral circumflex and superficial epigastric arteries, were also dissected free. 
After further dissecting the popliteal and saphenous arteries distally, the external lilac artery as well as 
all of the above arteries were ligated. Finally, the femoral artery was completely excised from its 
proximal origin as a branch of the external lilac artery, to the point distally where it bifurcates into the 
saphenous and popliteal arteries. Once the femoral artery is excised, thrombotic occlusion of the 
external lilac artery extends retrograde to its origin from the common lilac (FIG. 1 (a), arrow). As a 
result, the blood supply to the distal limb is dependent on the collateral arteries which may originate 
from the internal lilac artery. Accordingly, direct arterial gene transfer of VEGF was performed in to 
the internal lilac artery of the ischemic limb. Post-operatively, all animals were closely monitored. 
Analgesia (levorphanol tartrate 60 mg/kg, Roche Laboratories, Nutley, N.J.) was administered 
subcutaneously as required for evidence of discomfort throughout the duration of the experiment. 
, Prophylactic antibiotics (enrofloxacin 2.5 mg/kg, Miles, Shawnee Mission, Kans.) was also 
administered subcutaneously for a total of 5 days post-operatively. 

Piasmids and Smooth Muscle Cell (SMC) Transfection in Vitro. 

Complementary DNA clones for recombinant human VEGF.sub.165, isolated from cDNA libraries 
prepared from HL60 leukemia cells, were assembled into a mammalian expression vector containing 
the cytomegalovirus promoter. Leung, et al., Science, 246:1306-1309 (1989). The biological activity 
of VEGF.sub. 165 secreted from cells transfected with this construct (phVEGF.sub. 165) was 
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previously confirmed by the evidence that media conditioned by transfected human 293 cells promoted 
the proliferation of capillary cells. Leung, et al., Science, 246:1306-1309 (1989). 

To evaluate expression of phVEGF.sub.165 in vascular cells, rabbit arterial smooth muscle cells 
(SMCs) were transfected in vitro. Cells were cultured by explant outgrowth from the thoracic aorta of 
New Zealand White rabbits. The identity of vascular SMCs was confirmed morphologically using 
phase contrast microscopy and by positive immunostaining using a monoclonal antibody to smooth 
muscle alpha. -actin (Clone 1 A4, Sigma, St. Louis, Mo.). Cells were grown in the media (M199, 
GIBCO BRL, Gaithersberg, Md.) supplemented with 10% fetal bovine serum (FBD, GffiCO BRL). In 
vitro transfection was performed by incubating SMCs (1.48. times. 10.sup.6 cells/10 cm plate) with 
1 1 .5 mug of the plasmid DNA and 70 .mu.g of liposomes (Transfection-reagent, Boehringer 
Mannheim, Indianapolis, Ind.) as previously described. Pickering, et al., Circulation, 89:13-21 (1994). 
After completion of transfection, media was changed to 10% FBS. Culture supernatant was sampled 
at 3 days pot-transfection, and was analyzed by ELISA assay for VEGF protein. Houck, et al., J. Biol. 
Chem. 267:26031-26037 (1992). 

The plasmid pGSVLacZ (courtesy of Dr. Claire Bonnerot) containing a nuclear targeted .beta.- 
galactosidase sequence coupled to the simian virus 40 early promoter (Bonnerot, et al., Proc. Natl. 
Acad. Sci. USA, 84:6795-6799 (1987)) was used for all the control transfection experiments. 

Percutaneous Arterial Gene Transfer in Vitro. 

An interval of 10 days between the time of surgery and gene transfer was allowed for post-operative 
recovery of rabbits and development of endogenous collateral vessels. Beyond this time-point, studies 
performed up to 90 days post-operatively (Pu, et al., J. Invest. Surg., (In Press)) have demonstrated 
no significant collateral vessel augmentation. At 10 days post-operatively (day 0), after performing a 
baseline angiogram (see below), the internal lilac artery of the ischemic limb of 8 animals was 
transferred with phVEGF.sub. 165 percutaneously using a 2.0 mm hydrogel-coated balloon catheter 
(Slider.TM. with HYDROPLUS..RTM. Boston Scientific, Watertown, Mass.). The angioplasty 
balloon was prepared (ex vivo) by first advancing the deflated balloon through a 5 Fr. teflon sheath 
(Boston Scientific), applying 400 .mu.g of phVEGF.sub. 165 to the 20 .mu.m-thick later of hydrogel 
on the external surface of the inflated balloon, and then retracting the inflated balloon back into the 
protective sheath The Sheath and angioplasty catheter were then introduced via the right carotid 
artery, and advanced to the lower abdominal aorta using a 0.014 inch guidewire (Hi-Torque Floppy IL 
Advanced Cardiovascular Systems, Temecula, Calif.) under fluoroscopic guidance. The balloon 
catheter was then advanced out of the sheath into the internal lilac artery of the ischemic limb, inflated 
for 1 min at 6 atmospheres, deflated, and withdrawn (FIG. 1(a), open arrow). An identical protocol 
was employed to transfect the internal iliac artery of 9 control animals with the plasmid pGSVLacZ 
containing a nuclear targeted .beta.-galactosidase sequence. Heparin was not administered at the time 
of transfection or angiography. 

Evaluation of Angiogenesis in the Ischemic Limb. 

Development of collateral vessels in the ischemic limb was serially evaluated by calf blood pressure 
measurement and internal lilac arteriography immediately prior to transfection (day 0), and then in 
serial fashion at days 10 and 30 post-transfection. On each occasion, it was necessary to lightly 
anesthetize the animal with a mixture of Ketamine (10 mg/kg) and acepromazine (0.16 mg/kg) 
following premedication with xyazine (2.5 mg/kg). Following the final 30-day follow-up, the animal 
was sacrificed, and tissue sections were prepared from the hindlimb muscles in order to perform 
analysis of capillary density. These analyses are discussed in detail below. 
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Calf Blood Pressure Ratio. 

Calf blood pressure was measured in both hindlimbs using a Doppler Flowmeter (Model 1050, Parks 
Medical Electronics, Aloha, Oreg.), immediately prior to transfection (day 0), as well as on days 10 
and 30. On each occasion, the hindlimbs were shaved and cleaned; the pulse of the posterior tibial 
artery was identified using a Doppler probe; and the systolic pressure of both limbs was determined 
using standard techniques. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). The calf blood 
pressure ratio was defined for each rabbit as the ratio of systolic pressure of the ischemic limb to 
systolic pressure of the normal limb. 

Selective Internal Iliac Arteriography. 

Collateral artery development in this ischemic hindlimb model originates from the internal lilac artery. 
Accordingly, selective internal lilac arteriography was performed on day 0 (immediately prior to 
transfection), and again on days 10 and 30 post-transfection as previously described, Takeshita, et al., 
J. Clin. Invest., 93:662-670 (1994). A 3 Fr. end-hole infusion catheter (Tracker- 18, Target 
Therapeutics, San Jose, Calif.) was introduced into the right common carotid artery through a small 
cutdown, and advanced to the internal lilac artery at the level of the interspace between the seventh 
lumbar and the first sacral vertebrae. Following intra-arterial injection of nitroglycerin (0.25 mg, 
SoloPak Laboratories, Franklin Park, 111.), a total of 5 ml of contrast media (Isovue-370, Squibb 
Diagnostics, New Brunswick, N.J.) was then injected using an automated angiographic injector 
(Medrad, Pittsburgh, Pa.) programmed to reproducibly deliver a flow rate of 1 ml per sec. Serial 
images of the ischemic hindlimb were then recorded on 105-mm spot film at a rate of 1 film per sec for 
at least 10 sec. Following completion of arteriography, the catheter was removed and the wound was 
closed. All of the above-described procedures were completed without the use of heparin. 

Morphometric angiographic analysis of collateral vessel development was performed as previously 
described. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). A composite of 5-mm.sup.2 grids was 
placed over the medical thigh area of the 4-sec angiogram. The total number of grid intersections in 
the medical thigh area, as well as the total number of intersections crossed by a contrast-opacified 
artery were counted individually by a single observer blinded to the treatment regimen. An 
angiographic score was calculated for each film as the ratio of grid intersections in the medial thigh. 

Capillary Density and Capillary/Myocyte Ratio. 

The effect of VEGF gene transfer upon anatomic evidence of collateral artery formation was further 
examined by measuring the number of capillaries in light microscopic sections taken from the ischemic 
hindlimbs. Takeshita, et al., J. Clin. Invest., 93:662-670 (1994). Tissue specimens were obtained as 
transverse sections from the ischemic limb muscles at the time of sacrifice (day 30 post-transfection). 
Muscle samples were embedded in O.C.T. compound, (Miles, Elkhart, Ind.) and snap-frozen in liquid 
nitrogen. Multiple frozen sections (5 .mu.m in thickness) were then cut from each specimen on a 
cryostat (Miles), so that the muscle fibers were oriented in a transverse fashion, and two sections then 
placed on glass slides. Tissue sections were stained for alkaline phosphate using an indoxyl- 
tetrazolium method to detect capillary endothelial cells (Ziada, et al., Cardiovasc. Res., 18:724-732 
(1984)), and were then counterstained with eosin. Capillaries were counted under a 20x objective to 
determine the capillary density (mean number of capillaries per mm.sup.2). A total of 20 different 
fields was randomly selected, and the number of capillaries counted. To ensure that analysis of 
capillary density was not overestimated due to muscle atrophy, or underestimated due to interstitial 
edema, capillaries identified at necropsy were also evaluated as a function of myocytes in the 
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histologic sectioa The counting scheme used to compute the capillary/myocyte ratio was otherwise 
identical to that used to compute capillary density. 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR), Southern Blot Analysis, and 
Sequencing of RT-PCR Product. 

The presence of human VEGF mRNA was detecting using RT-PCR. Arterial samples were obtained 
at 5 days post-transfection, and total cellular RNA was isolated using TRI REAGENT (Molecular 
Research Center, Cincinnati, Ohio) according to the manufacturer's instructions. Extracted RNA was 
treated with DNase I (0.5 .mu.l, 10 U/.mu.l, RNase-free, Message Clean kit, GenHunter, Boston, 
Mass.) at 37. degree. C. for 30 min to eliminate DNA contamination. The yield of extracted RNA was 
determined spectrophotometrically by ultraviolet absorbance at 260 nm. To check that the RNA was 
not degraded and electrophoresed through a 1% non-denaturing miniagarose gel. 0.5 .mu.g of each 
RNA sample was used to make cDNA in a reaction volume of 20 .mu.l containing 0.5 mM of each 
deoxynucleotide triphosphate (Pharmacia, Piscataway, NJ.)» 10 mM dithiothreitoi, 10 units of RNasin 
(Promega, Madison, Wis.), 50 mM Tris-HCI (pH 8.3), 75 mM KCL, 3 mM MgCl.sub.2, 1 .mu.g 
random hexanucleotide primers (Promega), and 200 units of M-MLV reverse transcriptase (GIBCO 
BRL). For greater accuracy and reproducibility, master mixes for a number of reactions were made up 
and aliquoted to tubes containing RNA. Reactions were incubated at 42.degree. C. for 1 hr, then at 
95. degree. C. for 5 min to terminate the reaction. Twenty .mu.l of diethyl pyrocarbonate (DEPC) 
water was then added and 5 .mu.l of the diluted reaction (l/8th) was used on the PCR analysis. The 
optimized reaction in a total volume of 20 .mu.l contained 0.2 mM of each deoxynucleotide 
triphosphate, 3 mM MgCl.sub.2, 2 .mu.l PCR II buffer (Perkin-Eimer, Norwalk, Conn.; final 
concentrations, 50 mM KCL, 10 mM Tris-HCL), 5 ng/.mu.l (13.77 pmoles) of each primer, and 0.5 
units of AmpIiTaq DNA polymerase (Perkin-Elmer). The PCR was performed on a 9600 PCR system 
(Perkin-Elmer) using microamp 0.2. ml thin-walled tubes. Amplification was for 40-45 cycles of 
94. degree. C. for 20 sec, 55. degree. C. for 20 sec, and 72.degree. C. for 20 sec, ending with 5 min at 
72. degree. C. To test for false positives, controls were included with no RNA and no reverse 
transcriptase. A pair of oligonucleotide primers (22 mers) was designed to amplify a 258 bp sequence 
from the mRNA of human VEGF. To ensure specificity and avoid amplification of endogenous rabbit 
VEGF, each primer was selected from a region which is not conserved among different species. 
Sequences of primers used were: 5'-GAGGGCAGAATCATCACGAAGT-3* (sense) SEQ. ID NO:l ; 
5'-TCCTATGTGCTGGCCTTGGTGA-3' (antisense) SEQ. ID NO:2. RT-PCR products were 
transferred from agarose gels to nylon membranes (Hybond, Amersham, Arlington Heights, 111.). The 
, probe was 5' end-labelled with T4 polynucleotide kinase and [.beta.-.sup.32 P]ATP (Sambrook, et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Haibor Laboratory Press, (1989)) and 
hybridized to the nylon filters using Rapid Hybridization buffer (Amersham) according to 
manufacturer's instructions. To visualize hybridized bands, filters were exposed to X-ray film (Kodak 
Xar-5). 

To confirm the identity of VEGF PCR products. DNA bands were excised from agarose gels, purified 
using Geneclean (BIO 101, La Jolla, Calif), and sequenced directly (i.e. without subcloning) using 
dsDNA Cycle Sequencing System (GIBCO BRL) following the directions of manufacturer. The two 
VEGF primers used for PCR were 5' end-labeled with [.beta.-.sup.32 P]ATP and T.sub.4 
polynucleotide kinase and used as sequencing primers to determine the sequence of both strands of the 
PCR product. 

beta.-Galactosidase Staining of Transfected lilac Arteries. 

To evaluate the efficiency of in vivo arterial gene transfer, .beta.-galactosidase activity was determined 
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by incubation of arterial segments with 5-bromo-4-chloro-3-indolyl .beta.-D-galactosidase chromogen 
(X-Gall), Sigma) as previously described. Riessen, et al., Hum. Gene Ther., 4:749-758 (1993). 
Following staining with X-Gal solution, tissues were paraffin-embedded, sectioned, and counterstained 
with nuclear fast red. Nuclear localized .beta.-galactosidase expression of the plasmid pGSVLacZ 
cannot result from endogenous .beta.-galactosidase activity; accordingly, histochemical identification 
of beta -galactosidase within the cell nucleus was interpreted as evidence for successful gene transfer 
and gene expression. Cytoplasmic or other staining was considered non-specific for the purpose of the 
present study. 

Statistics. 

Results were expressed as means. +-. standard deviation (SD). Statistical significance was evaluated 
using unpaired Student's t test for more than two means. A value of p<0.05 was interpreted to denote 
statistical significance. 

Results 

ELISA Assay for VEGF. To test the expression of the plasmid phVEGF.sub.165 in vascular cells, 
culture supernatant of VEGF-transfected SMCs (1.48.times.l0.sup.6 cells/10 cm plate) was sampled 
at 3 days post-transfection, and analyzed by ELS A for VEGF protein. The media of VEGF-transfected 
SMCs contained an average of 1.5 .mu.g of VEGF protein (n=3). In contrast, culture media of .beta - 
galactosidase-transfected SMCs (n=3) or non-transfected SMCs (n=3) did not contain detectable 
levels of VEGF protein. 

RT-PCR, Southern Blot Analysis, and Sequencing of RT-PCR Product. 

To confirm expression of human VEGF gene in transfected rabbit lilac arteries in vivo, we analyzed 
transfected arteries for the presence of human VEGF mRNA by RT-PCR. As indicated above, to 
ensure the specificity of RT-PCR for human VEGF mRNA resulting from successful transfection 
(versus endogenous rabbit VEGF mRNA), primers employed were selected from a region which is not 
conserved among different species. Arteries were harvested at 5 days post-transfection. The presence 
of human VEGF mRNA was readily detected in rabbit SMC culture (n-3) and rabbit lilac arteries 
( n =3) transfected with phVEGF.sub.165. Rabbit lilac arteries transfected with pGSVLacZ (n=3) were 
negative for human VEGF mRNA (FIG. 2(a)). Southern blot analysis was used to further confirm that 
the 158 bp bands obtained by RT-PCR did in fact correspond to the region between the two primers 
(FIG. 2(b)). Direct sequencing of the RT-PCR product document that this band represented the 
human VEGF sequence (FIG. 2(c)). 

Angiographic Assessment. 

The development of collateral vessels in the 5 rabbits transfected with phVEGF.sub.165 and 6 rabbits 
transfected with pGSVLacZ was evaluated by selective internal lilac angiography. FIG. 3 illustrates 
representative internal lilac angiogram recorded from both control and VEGF-transfected animals. In 
control animals, collateral artery development in the medial thigh typically appeared unchanged or 
progressed only slightly in serial angiogram recorded at days 0, 10, and 30 (FIGS. 3(a-c)). In contrast, 
in the VEGF-transfected group, marked progression of collateral artery was observed between days 
10 and 30 (FIGS. 3, (d-f))- Morphometric analysis of collateral vessel development in the media thigh 
was performed by calculating the angiographic score as described above. At baseline (day 0), there 
was no significant difference in angiographic score between the VEGF-transfected and control groups 
(day 0:0. 17.+-. 0.02 vs 0.20.+-.0.06, p=ns). By day 30, however, the angiographic score in VEGF- 
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transfected group was significantly higher that in control group (0.47.+-.0.09 vs 0.34.-K0.10, p<0,05) 
(FIG. 4(a)). 

Calf Blood Pressure Ratio (FIG. 4(b)). 

Reduction of the hemodynamic deficit in the ischemic limb following VEGF-transfection was 
confirmed by measurement of calf blood pressure ratio (ischemic/normal limb). The calf blood 
pressure ratio was virtually identical in both groups prior to transfection (0.23.+-.0. 12 in VEGF- 
transfected animals, p=ns). By day 10 post-transfection, the blood pressure ration for VEGF- 
transfected rabbits was significantly higher than for the control rabbits (0.60.+-.0. 12 vs 0.32.+-.0. 14, 
p<0.01). At day 30, the blood pressure ratio for the VEGF-transfected group continued to exceed that 
of controls (0.70.+-.0.08 vs 0.50.+-.0. 18, p<0.05). 

Capillary Density and Capillary/Myocyte Ratio (FIGS. 4(c), 5). 

A favorable effect of VEGF-transfection upon revascularization was also apparent at the capillary 
level. The medial thigh muscles of the ischemic limbs were histologically examined at day 30 post- 
transfection. Analysis of capillary density disclosed a value of 233.0.+-.60.9/mm.sup.2 in VEGF- 
transfected group versus 168.7.-K31.5/mm.sup.2 in the control group (p<0.05). Analysis of 
capillary/myocyte ratio disclosed a value of 0.67.+-.0, 15 in the VEGF-transfected group versus 
0.48 .+-.0.10 in the control group (p<0.05). 

beta.-Galactosidase Staining of Transfected Iliac Arteries. 

To evaluate the efficiency of in vivo arterial gene transfer, transfected lilac arteries were harvested at 5 
days post-transfection, and were used for .beta.-galactosidase histochemical analysis. In arteries 
transfected with nuclear targeted .beta.-galactosidase, evidence of successful transfection, indicated by 
dark blue nuclear staining, was observed in only<0.5% of total arterial cells. Arteries transfected with 
phVEGF.sub.165 were negative for nuclear staining. 

EXAMPLE 3 

Comparison of Double-Balloon Catheter Technique and Hydrogel-Coated Balloon Catheter 
Technique 

Methods 

Recombinant Adenoviral Vectors 

Replication-defective recombinant adenoviral vectors, based on human adenovirus 5 serotype, were 
produced as previously described. Quantin, et al., Proc. Nat. Acad. ScL USA, 89:2581-2584 (1992); 
Stratford-Perricaudet, et al., J. Clin. Invest., 90:626-630 (1992); and Rosenfeld, et al., Cell, 68:143- 
155 (1992). Ad-RSV.beta.gal contains the Escherichia coil lac Z gene and the SV40 early region 
nuclear localization sequence (nls). The nlslacZ gene encodes a nuclear-targeted .beta.-galactosidase 
under the control of the Rous sarcoma virus promoter. Ad-RS VmDys, used as a negative control, 
contains a human "minidystrophin" cDNA under the control of the same promoter. Ragot, et al., 
Nature, 361:647-650 (1993). 

In Vivo Percutaneous Gene Transfer Procedures 
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All animal procedures were approved by the Institutional Animal Care and Use Committees of Faculte 
Bichat and St. Elizabeth's Hospital. Gene transfer was performed in the external lilac artery of 29 New 
Zealand white rabbits under general anesthesia and sterile conditions. Anesthesia was induced with 
intramuscular acepromazine and maintained with intravenous pentobarbital. Adenoviral stocks were 
used within 30 minutes of thawing. 

1 Double-balloon catheter technique. 

In 1 5 animals, Ad-RSV.beta.gal (2. 10.sup.9 to 2. lO.sup. 10 plaque forming unites {pfu} in 2 ml PBS) 
was transferred to the right lilac artery, either normal (n=9) or previously denuded (n=6), using a 4 
French double-balloon catheter (Mansfield Medical, Boston Scientific Corp., Watertown, Mass.) as 
previously described. Nabel, et al., Science, 244:1342-1344 (1989). The catheter was positioned in a 
segment of the artery which lacked angiographically visible side branches. The viral solution was 
maintained in contact with the arterial wall for 30 min. The left lilac artery of the same 15 animals was 
used as a control: in 7 animals no catheter was inserted, in 6 animals the endothelium was removed 
using balloon abrasion, and, in the 2 other animals, a double-balloon catheter was used in infuse Ad- 
RSVmDys (2. 10.sup.9 pfu in 2 ml PBS). 

2. Hydrogel-Coated Balloon Catheter Technique. 

In 14 animals, a hydrogel-coated balloon catheter was used (Slider.TM. with Hydroplus.RTM., 
Mansfield Medical, Boston Scientific Corp., Watertown, Mass.). The balloon diameter (either 2.5 or 
3 0 mm) was chosen to approximate a 1 .0 balloon/artery ratio based on caliper measurement of 
magnified angiographic frames. Ad-RSV.beta.gal (l-2.10.sup.10 pfu in 100 .mu.l PBS) was applied to 
the polymer-coated balloon using a pipette as described above. The catheter was introduced into the 
right femoral artery through a protective sheath, the balloon was inflated at 1 atm, and the assembly 
was then advanced over a 0.014" guide wire to the external lilac artery where, after balloon deflation, 
the catheter alone was advanced 2 cm further and the balloon inflated for 30 minutes at 6 atm 
(ensuring nominal size of the inflated balloon). The contralateral lilac artery was in each case used as a 
control: in 9 animals no catheter or virus was introduced, in 2 the endothelium was removed, while in 
3 a hydrogel-coated balloon catheter was used to transfer Ad-RSVmDys. 

Detection of lacZ Expression in the Arterial Wall. 

Three to seven days after transfection, the animals were sacrificed by pentobarbital overdose. To 
assess nlslacZ gene expression, the arteries were harvested and stained with X-Gal reagent (Sigma) for 
6 hours, at 32.degree. C, as previously described. Sanes, et al., EMBO J., 5:3133-3142 (1986). 
Samples were then either mounted in OCT compound (Miles Laboratories Inc., 111.) for cryosectioning 
or embedded in paraffin, cut into 6-.mu.m sections, and counterstained with hematoxylin and eosin or 
elastic trichrome. Expression of nlslacZ gene was considered positive only when dark blue staining of 
the nucleus was observed. To determine which cell types within the arterial wall expressed the 
transgene, immunohistochemical staining of X-Gal-stained arterial sections was performed, using a 
mouse monoclonal anti-.alpha.-actin primary antibody specific for vascular smooth muscle (HHF-35, 
Enzo Diagnostics, Farmingdale, N.Y.), and then a polyclonal peroxidase-labeled anti-mouse 
immunoglobulin G secondary antibody (Signet Laboratories, Dedham, Mass.). 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

For each transfected iliac artery, at least 2 samples were taken from the target-zone, and from each 
sample, at least 3 sections were examined by light microscopy after X-gal staining. Due to the 
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heterogeneity of .beta.-galactosidase activity on gross examination, the percentage oftransfected 
medial cells per artery section was determined in regions showing high .beta.-galactosidase activity by 
counting stained versus total nuclei. The total numbers of studied medial cells were 14. 10.sup.3 (n=50 
sections) in the double-balloon catheter and the hydrogel-coated balloon catheter groups respectively. 

Detection of Remote.sup.nlslacZ Gene Transfer and Expression. 

Tissue samples from liver, brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and 
arterial segments adjacent to the treated arterial site were harvested immediately after sacrifice. For 
each specimen, nlslacZ gene presence and expression were assessed by polymerase chain reaction 
(PCR) and histochemistry (X-gal staining) respectively. 

For PCR, genomic DNA was extracted from tissues by standard techniques. DNA amplification was 
carried out using oligodeoxynucleotide primers designed to selectively amplify Ad-RSV.beta.gal DNA 
over endogenous .beta.-galactosidase gene by placing one primer in the adenovirus sequence coding 
for protein 9 and the other primer in the lacZ sequence (S'-AGCCCGTCAGTATCGGCGGAATTC- 
3' (SEQ ID NO;3) and 5'-CAGCTCCTCGGTCACATCCAG-3' (SEQ ID NO:4) respectively, Genset, 
Paris, France). The reactions were performed in a DNA thermocycler (GeneAmp PCR System 9600, ' 
Perkin Elmer Cetus, Norwalk, Conn.) following 2 different protocols: a hold at 95,degree. C. for 3 
min, 35 or 45 cycles of 95.degree. C. for 30 s, 65.degree, C. for 40 s, and 72.degree. C. for 1 min, 
then a final extension at 72. degree. C. for 5 min. When PCR was performed on plasmid DNA 
containing the nlslacZ gene used for the preparation of the adenoviral vector, or on positive liver 
samples obtained by deliberate systemic injection of Ad-RSV.beta.gal, the amplification reaction 
produced a 700 bp DNA fragment. To determine sensitivity of these procedures, DNA was extracted 
from liver of uninfected rabbits, aliquoted into several tubes, and spiked with dilutions of the plasmid 
containing the nlslacZ gene and used as a positive control. Following the amplification protocols 
described above, it was determined that the 35- or 45-cycle PCR could detect one copy of the nlslacZ 
gene in 3. 102 and 3. 104 cells respectively. DNA extractions and amplifications were performed 
simultaneously and in duplicate for studied tissues and positive controls. 

Each tissue sample was also processed for histochemical analysis following the same protocol 
described for the arteries. For each specimen, at least 3 different segments were obtained, embedded in 
paraffin, and cut into at least 5 sections. Sections were counterstained with hematoxylin and eosin, and 
examined by light microscopy for the presence of deep blue nuclei indicative of .beta.-galactosidase 
expression. The number of positive cells as well as the total number of cells were counted . The total 
number of cells examined per sample ranged from 25.10.sup.3 to 1 15.10.sup.3. 

Statistics 

Results are expressed as mean.+-.standard deviation (SD). Comparisons between groups were 
performed using Students t test for unpaired observations. A value of p<0.05 was accepted to denote 
statistical significance. 

Results 

Histological and Histochemical Analyses of Transfected Arteries Following Double-Balloon Catheter 
Delivery 

Gross examination of all the arteries (n=15) following X-gal staining showed punctiform 
heterogeneous, blue staining on the luminal aspect of the arteries, always limited to the area between 
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the two balloons. For the 9 normal arteries, microscopic examination disclosed dark blue nuclear 
staining, confined entirely to the endothelium. In contrast, when endothelial abrasion preceded 
transfection (n=6), X-gal staining imparted a mottled appearance to the luminal aspect of the artery. In 
these cases, microscopic examination showed that the endothelium had been removed and that the site 
of X-gal staining was subjacent to the intact internal elastic lamina, involving sparse medial cells. The 
identity of the transfected medial cells as smooth muscle cells was confirmed by immunohistochemical 
staining with monoclonal anti-.alpha.-actin antibody. Control arteries showed no nuclear blue staining. 

Histological and Histochemical Analysis of Transfected Arteries Following Hydrogel-Coated Balloon 
Catheter Delivery 

Gross examination of all the arteries after X-gal staining (n=14) showed dark blue, heterogeneous 
staining of the transfected site with a sharp boundary between the transfected segment and the 
bordering proximal and distal segments. Microscopic examination showed no residual intact 
endothelium; the continuity of the internal elastic lamina, in contrast, appeared preserved without 
apparent disruption. In the areas showing evidence of .beta.-galactosidase activity on gross 
examination, light microscopic examination revealed nearly continuous layers of cells with dark blue 
nuclear staining, generally limited to the superficial layers of the media; occasionally, sparsely 
distributed cells from deeper layers of the media expressed the transgene as well, Staining with 
monoclonal anti-.alpha.-actin antibody confirmed that transfected cells were vascular smooth muscle 
cells. No evidence of nuclear .beta.-galactosidase activity was seen in control arteries. 

Morphometric Analysis of nlslacZ Gene Expression in the Media. 

The percentage of transduced cells per artery section in regions showing high .beta.-galactosidase 
activity was significantly higher in the hydrogel-coated balloon catheter group than in the double- 
balloon catheter group (6.1. +-.2.3% vs. 0.4.+-.0.6%, p<0.0001). 

Detection of Remote lacZ Gene Transfer and Expression in Other Organs 

In all animals of both groups, gross and microscopic examination of X-gal stained tissue samples from 
liver, brain, testes, heart, lungs, kidneys, contralateral limb skeletal muscle, and arterial segments 
adjacent to the treated arterial site failed to show expression of nuclear-targeted .beta.-galactosidase, 
except in the liver of one rabbit in the double-balloon catheter group which disclosed a limited area of 
nuclear and peri-nuclear blue staining. In this area, less than 1/2. 10.sup.3 cells expressed .beta.- 
galactosidase. In a few macrophages limited to samples removed from the lungs and testes of one 
hydrogel-coated balloon catheter treated rabbit, blue staining of the cytoplasm without nuclear staining 
was observed; the exclusively cytoplasmic location of .beta.-galactosidase activity in these cases, 
however, suggested that staining resulted from endogenous .beta.-galactosidase. 

All of the above tissue samples were then screened by PCR. When the PGR was run for 35 cycles, the 
presence of DNA sequence specific for Ad-RSV.beta.gal was non-detectable, including in tissue 
samples from those animals with the highest percentage of transfected lilac arterial cells. Using an 
optimized protocol of 45 cycles, however, PGR was positive in the single liver that was observed to 
express .beta.-galactosidase, but in none of the other tissues. 

This invention has been described in detail including the preferred embodiments thereof. However, it 
will be appreciated that those skilled in the art, upon consideration of this disclosure, may make 
modifications and improvements thereon without departing from the spirit and scope of the invention 
as set forth in the claims. 
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New Arteries Grown In Diseased Hearts 

By William J. Cromie 
Gazette Staff 

Almost anything Hugh Curtis did gave him a pain in the heart. Even when tying in bed, he felt the 
stabbing chest pains of angina, a hurtful signal that his heart was not getting enough oxygen. 

Curtis underwent a quadruple bypass in 1986, then a single bypass late last year. Surgeons removed veins 
from his legs and grafted them onto his heart to bypass his blocked coronary arteries. But that didn't solve 
his problem. 

He also received a series of angioplasties, wherein tiny balloons were threaded into his heart's arteries, 
then inflated. This process pushed the blockages aside, opening his arteries. Five pieces of metal mesh 
were installed to keep them open, but his coronary arteries closed in other places. 

"I couldn't walk very far, couldn't even make my bed," says the 55-year-old resident of Danvers, Mass. 
"Climbing stairs was out, so was any thought of going on vacatioa" 

Late last year, he was asked by researchers at Beth Israel Deaconess Medical Center in Boston if he 
wanted to volunteer for an experimental procedure at the Harvard-affiliated hospitaL The procedure 
involved doctors injecting proteins called growth factors into his heart to stimulate growth of new blood 
around those clogged with plaque. 

"I didn't hesitate to give them the go-ahead," Curtis recalls. 

The cardiologists threaded a thin hollow tube from his groin into his heart. Through the tube they injected 
what is called basic fibroblast growth factor, or bFGF. 

Four months after the treatment, Curtis is back working full time at a desk job in a printing company. "I 
no longer take 3-to-6 nitroglycerin tablets a day, and Em painting the hallway in my house," he says 
cheerily. "I may never go back to playing racquetball, but Em leading a normal life, and that's all I'm 
looking for.* 1 

"All his symptoms are gone," says Michael Simons, associate professor of medicine at Harvard Medical 
School "He is one of 18 patients who participated in a trial of bFGF. All are now largely without 
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symptoms such as chest pain, shortness of breath, and fttigue." 



Bypassing Bypass Surgery 

Eighteen other patients who received heart-artery bypasses got bFGF at the same time. Frank Sellke, an 
aviate professor of surgery at Harvard Medical School, implanted capsules that slowly release the drug 
at sites where blocked vessels were too small or too diffusely diseased to bypass. 

"These patients have undergone treadmill stress tests," Simons comments. "They also have been 
examined with a new type of magnetic resonance imaging (MRI) that measures blood flow and detects 
new vessel development. It is too early to scream and shout with success, but we are pleased with the 
results obtained so for." 

"I had an MRI a couple of weeks ago, and it showed new arteries growing and bypassing some 
blockage," says Curtis. "I'm getting 70 percent blood flow to an area of the heart that was down to 30 
percent flow. And there's reason to think things will improve more with time." 

John Modugno, 48, received bFGF in February, and his MRI tests also show evidence of new arterial 
growth. "I feel much better," he says, "although I'm still on drugs and get a little angina at the end of the 
day." 

Tests of bFGF and other growth factors now under way at various research centers raise hopes that 
newly grown blood vessels will replace arteries choked off by atherosclerosis, thus heading off thousands, 
maybe millions, of heart failures and heart attacks. 

If these tests continue to be successful in humans, they could lead to heart drugs that will be cheaper, 
safer, and a lot easier on patients than bypass surgery and angioplasty. About a million people undergo 
such procedures in the United States each year, but they dont always wprk. As in Hugh Curtis's case, 
some vessels are too small or located where they cant be bypassed with sections of vein. After arteries 
have been opened by an inflated balloon or other types of angioplasty, about one-third of them close 
again, some in a matter of months. 

"We once thought people in which neither procedure worked accounted, for only a small subgroup of 
patients," Simons says. "But now we're getting phone calls almost every day, so we must conclude that 
there are more people with this problem than we imagined." 

The revolutionary potential of growth factors, of course, goes far beyond such people. Simons sees it as 
"having the potential to replace or reduce the use of bypass surgery." The American Heart Association 
estimates that 500,000 bypasses are performed each year at an average cost of $45,000 per treatment. 

Severely blocked coronary arteries cause more than 3 million heart failures a year, and 7 million more 
people suffer the chest pains of angina. "Growth-factor treatments might be expanded to many, if not all, 
of these patients," Simons declares. 

1; 

The Side-Effects Question 

Researchers at Beth Israel Deaconess Medical Center initiated such treatments in 1996. Today, seven 
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teams worldwide work on growing new blood vessels with fcFGF and another protein known as vascular 
endothelial growth fector, or VEGF (see April 23 Gazette, page 1). 

In a trial conducted at several medical centers, VEGF was given to 1 7 people whose blocked coronary 
arteries lay out of reach of angioplasty. Fifteen of the 17 patients showed various levels ofimprovement. 

Jeffrey Isner, a cardiologist at St. Elizabeth's Medical Center in Boston, has used VEGF to grow new 
vessels around blockages in the leg veins of diabetics. He has treated 30 diabetic patients, as well as five 
other patients with heart disease. 

"Preliminary results look good in both types of disease," Isner says. "This is a very encouraging and 
exciting area of treatment. " 

The great promise of bypassing blood-vessel blockages wont become a reality, however, if the growth 
factors cause severe side effects. 

Both bFGF and VEGF lower blood pressure. "That feet limits the amount you can give a person," 
Simons notes. "But that's something we can work around." 

More serious is the possibility of damage to sight caused by overgrowth of blood vessels in the eye. "We 
have been looking carefully for this, but have not seen any as yet with bFGF," Simons comments. Also, 
no new blood vessels were seen growing in the eyes of patients treated with VEGF, another encouraging 
sign. 

The most worrisome possibility concerns growth of blood vessels that might nourish small, hidden cancer 
tumors. Judah Folkman, another Harvard researcher, found that such tumors remain benign unless new 
blood vessels carry nutrients to them. Once connected to a steady blood supply, tumors grow and spread. 

Folkman and Michael O'Reilly developed two exciting new cancer drugs, endostatin and angiostatin, 
which block rather than promote development of blood vessels. 

"We hope that tumor growth can be avoided because we give the growth fector for a very short time and 
in small amounts," Simons notes. "It's not like we're adding a foreign substance to the body; everyone has 
such small amounts of bFGF circulating naturally in their bloodstream." 

The side-effects issue will be addressed in tests involving larger numbers of patients. Plans call for testing 
both growth Actors on 400 to 500 people at a combination of medical centers throughout the country. 
Simons expects to start expanded trials of bFGF this summer in a collaboration with Emory University in 
Atlanta. 

A question still to be answered is exactly how new blood vessels form. The bare-bones explanation has 
bFGF binding to the surfece o£ then stimulating growth of endothelial cells, those that line the inside of 
capillaries, the smallest vessels. These cells leave the vessels, migrate to the tip of the capillaries, and form 
a tube that extends their reach. 

Simons's team took startling photos of new vessels growing around blocked arteries in animals. They 
show small extensions sprouting like twigs on a tree limb, moving around the barricade and reconnecting 
on the other side. 
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Itis amazing to see," Simons rays. Tf wo can continiwtodo tl» same thing in lnimans, without 
deleterious side effects, we have a chance to benefit millions of people." 



END 



College Admission Yield Is Nearly 80% 

Highest in 25 years 

Nearly 80 percent of students admitted to the Class of 2002 have chosen to enroll, the highest yield since 
the early 1970s, according to the Undergraduate Admissions Office. This yield is the best in more than 25 
years. 

Yield, the percentage of admitted candidates who decide to accept an offer of admission, is considered a 
measure of a school's competitiveness. Harvard's yield is again, by a wide margin, the highest of the 
nation's selective colleges. When the final figures are available, the yield could go even higher ~ it is 
already well above last year's yield of 76.3 percent. 

The 2,073 students admitted to the Class of 2002 were selected from a pool of 16,8 1 9 applicants. For the 
seventh time in eight years, applications for admission to Harvard and Radcliffe have risen. Last year, 
1 6,597 students applied for the 1 ,650 places in the entering class. 

The substantial rise in the yield means that the Class of 2002 is now fulL and it will probably be 
impossible to admit anyone from the waiting list. In more typical years, the College has been able to admit 
between 50 and 100 from the waiting list. 

"We are extremely pleased that the College has again attracted so many extraordinarily talented students 
this year," said William R. Frtzsimmons '67, Dean of Admissions and Financial Aid. "With many leading 
American and international universities recently announcing changes in their financial ^ p rog rams 
designed to compete more aggressively for top students, the leadership of Dean of the Faculty of Arts 
and Sciences Jeremy Knowks and President Nefl Rudenstine allowed Harvard to extend its best welcome 
to prospective members of the Class of 2002." 

The Dean and President reemphasized their unwavering commitment to a strong need-based financial aid 
program and to the policy of admitting the best students without regard to 

With neariy 70 percent of all undergraduates on financial aid, and with scholarship grants of $45 million, 
Harvard has always been a leader in financial aid. 

Dean Knowles stated in February, "We shall set no limit on the financial resources necessary to make 
Harvard College fully accessible to all students of promise. . . Students who are admitted to next fell's 
entering class will receive competitively supportive offers, and financial aid will be tailored flexibly and 
individually." 

James S. Miller, director of financial aid, and his staff were available weekdays from 8 a.m. to 8 p m. and 
several Saturdays for the month of April, and talked with an unprecedented number of students and 
parents about their financial aid awards, "run and his staff worked extremely hard to make it possible for 
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EXHIBIT C-7 



Clinical evidence of angiogenesis after arterial gene transfer of 
phVEGF XGS in patient with ischaemic limb 




Jeffrey M /sner. Ann Piecrek, Robert Scnainfefd, PichanS Stair, Laura Malay, TakayuHi Asahara, Kenneth Posenfietd. 
SyerJ Razvi. Kenneth Watsh, James F Symes 



Summary 

Backciound Preclinical finding* suggest that Intraarterial 
gene transfer of a plasmid which encodes for vascular 
endothelial growth factor (VEGF) can Improve Mood supply 
to the Ischaemic limb. We have used the method in a 
patient. 



Method* Our patient was the eighth in a dose-ranging 
series. She was aged 71 with an ischaemic right leg. W e 
administered 2000 n€ human ptasrtUd phVeGF... tha t was 
applied to the hydrojel polymer coating of an angioplasty 
balloon. 6y Inflating the balloon, ptasmid ONA was 
transferred to the distal popliteal artery. 
Finding* pigltal subtraction angiography 4 weeks after 
gene therapy showed an increase In collateral vessels at 
the knee, mfcMJbial. and ankle levels, which persisted at a 
12-week view. Intraarterial dooofeWlow studies showed 
I ncreased resting and maximum flows (by 02% and 72%, 
respectively). Three spider angiomas developed on the 
right foot/Ankle about a week alter gene transfer; one 
lesion was excised and revealed proliferative endothelium, 
the other two regressed. The patient developed oedema in 
her right leg. which was treated successfully, 
(ntce nretatton Administration of endothelial cell mitogens 
promotes englogenosls In patients with limb Ischaemla . 
lancet tf 36: 348: 370-74 

Introduction 

Among the growth factors that promote eagiogeoe&is, 
vascular endochctiai growth fcctor (VEGF), 1 also known 
as vascular permeability factor/ and vasculotropuV is 
spcdficeJJy otogenic for endothelial cells. The 6rst exon 
of die VEGF gene includes a secretory signal sequence 
that permits the protein to be secreted naturally from 
intact cells. 1 We have shown* 9 chat arterial gene transfer of 
nsked DNA encoding for secreted protein yielded 
physiological levels of protein despite low transfection 
efficiency. Stre~snectSc gene transfer of plasmid DNA 
encoding the 165-amineaetd Uoform of human .VEGF 
" * , of 




Oepsttmeata ef Medtofci*. auomodtael Research, (Uerotoe?. and 
Surfoiy, St ©Ua*eth*e Medtcat neater. Tufts Vflfveretty School «f 
Medietas, iostee. eUertelsuswtts, USA (Teffrey M Isner mo, 
Ann Piecrek a*. Robert SchelnCefd 00. ffieaard ntatr mo. 
Lavra Haley as, TekayuW Asahara mo. Kenneth ftoscnfteld mo. 
dyed Rezvl mo. Kenneth Walsh mo. James f Symes mo) 
Corf**peo*«fio* tot Or Jenvur M toner. St ettrattttn'e Medical 
Center, Cotton, MA 02135. USA 



development of collateral vessel* sod increased capillary 
density, improved calf blood-pressure ratio 
(iscboemic/normal limb) and increased resting and 
maximum vasodilator-induced blood Qow> » We now use 
this strategy in the ischacmic limb of a patient. 

Patient and methods 

Patient 

A 70-nsiH>ld non-diabetic woman wee referred for gangrene of 
the right greet toe. About • year earlier, the patient had cramping 
right-foot pefei several corns were removed, she was given 
uuxamuxular cortisone, prescribed ibuprofen, and fined wid> 
thoe laseru. Symptoms worsened end the patient received 
oxycodone, hydrocodone, and a fentanyl patch, the great toe 
lerioo progressed to gangrene, and the cecond end third toes 
became compromised. She had no palpable pedal pulses of the 
right Uob. AoMe-bracbial index of cbe iccbacadc limb was 0-26. 
Arteriography revealed a 40% stcoosis of the proximal popliteal 
inery, and occhuioo of cbe peroneal, anterior tibial, ud 
poatcrier dotal arteries midway to the foot. Surgical explorsooo 
of the distal riant Hmb foiled to identify a suitable site for a 
bypass. 

The patient was suitable for arterial gene therapy according to 
a protocol 11 approved by the Human Institutional Review Board 
and Iosifasdonal Blosafety Conwuttcc of our centre, as well as 
the Recombinant DNA Advisory Committee of the National 
- Institutes of Health and the US Food and Drug Adminitcnooa. 



Ptasmid DNA 

paVBGF M consists of a cucaryodc PUC 118 expression vector 
Into which eONA encoding the f oS-aminoactd isoform of VEGF 
has beau inserted." A 763 besepeir cytooriegJoiriru* 
piomo03*eelMfteer Is used 10 drive VEGF expression. The PUC 
lis vector asdudes an SV40 polyadenytaoen icqoence, an 
BtdierichUc4lio€^sx of repUcadoo, and the P4acxamsac geae for 
ampidttn resistance. The plasmid was preptrtd in the Human 
Gene Therapy Laboratory ac our ceo era from cultures of 
pbVTCF^-tramformed B coo; purified with a Qtsgeo-dp 2500 
column, ptactpfcaied with isopropanol, washed with 70% 
etbanol, end dried on a Speed Vac The purified plasovd was 
reconstituted so ataxOc saline, stored in vials, and pooled for 
quality coateel analyses {ebsorbencc ac wavelengths of 260 and 
2S0 mm to document redo between 1*7$ aad 1*85; Hmulus 
amocbocyte Jysate eel-dot assay [BioWhittakcrJ co csubUsb 
bacterial endotoxin levels below S endotoxin units per kg 
bodyweighc; microbial cultures; southern blot for level of 
ninnmtnefinc genotnk £c*/i DNA; and cthtdium bromide 
fcakiisg after agaxose-gd deccropfcoreeis to eonflon that ever 
•OH of the nucleic acid was In the doted, circular supercoUed 
form). To confirm the identity of die prepared plasmid. the 
VBOP-codin* region from eseh pooled batch w»s rcseqececcd 
(Applied Mesyetcm S7SA). 

Percutanox/s arterial gene transfer 

Anertml gene amosrer was done with a hydrogei-coeced ballooo- 
•tngiopfasty^ebcter (Boston Scientific).* A sterile pipette wet 
used to apply 2000 ft* plasmid DNA at 10 3 ut/uJL in 194-2 ul* 
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Growth factors can be utilized to induce the growth 
5 of "hard tissue" or bone and "soft tissues" like ectoder- 
mal and mesodermal tissues. As used herein, the term 
growth factor encompasses compositions and living 
organisms which promote the growth of hard tissue, 
such as bone, or soft tissue in the body of a patient. The 
10 compositions include organic and inorganic matter. The 
compositions can be genetically produced or manipu- 
lated. The living organisms can be bacteria, viruses, or 
any other living organism which promote tissue 
growth. By way of example and not limitation, growth 
factors can include platelet-derived growth factor 
(PDGF), epidermal growth factor (EGF), fibroblast 
growth factor (acidic/basicXFGF a,b), interleukins 
(IL*s), tumor necrosis factor (TNF), transforming 
growth factor (TGF-B), colony-stimulating factor 
20 (CSF), osteopontin (Eta-1 (OPN), platelet-derived 
growth factor (PDGF), interferon (INF), bone mor- 
phogeny protein 1 (BMP-1), and insulin growth factor 
(IGF). Recombinant and non-recombinant growth fac- 
tors can be utilized as desired. Bacteria or viruses can, 
25 when appropriate, be utilized as growth factors. For 
example, there is a bacterial hydrophilic polypeptide 
that self-assembles into a nanometer internal diameter 
pore to build a selective lipid body. Various enzymes 
can be utilized for the synthesis of peptides which con- 
30 tain amino acids that control three-dimensional protein 
structure and growth. Growth factors can be applied in 
gels or other carriers which regulate the rate of release 
of the growth factors and help maintain the growth 
factors, and the carrier, at a desired location in the 
body. Time release capsules, granules, or other carriers 
containing growth factor can be activated by tissue pH, 
by enzymes, by ultrasound, by electricity, by heat, by 
selected in vivo chemicals or by any other selected 
means to release the growth factor. The carrier can be 
40 resorbable or non-resorbable. Or, the growth factor 
itself can be activated by similar means. Either the car- 
i ner or the growth factor can mimic extracellular fluid 
to control cell growth, migration, and function. The 
growth factor can be administered orally, systemically, 
45 in a carrier, by hypodermic needle, through the respira- 
lory tract, or by any other desired method. The growth 
factor can also be administered into a capsule or other 
man-made composition or structure placed in the body 
While administration of the growth factor is presently 
50 usually localized in the patient's body, circumstances 
may arise where it is advantageous to distribute a 
growth factor throughout the patient's body in uniform 
or non-uniform concentrations. An advantage to 
growth factors is that they can often, especially when in 
capsule form or in some other containment system, be 
inserted to a desired site in the body by $imply making 
a small incision and inserting the growth factor. The 
making of such a small incision comprises minor sur- 
gery which can often be accomplished on an out-patient 
60 basts. The growth factors can be multifactorial and 
nonspecific. 
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D rl^ .v Cmb ° dimC ? t0flhc invention, genetically 
fhT^Ar ,ng malC ^ U u$cd lo ™ implant in 
the bone of a parent. The DN A structure of a patient 

t£mrn°% ' PaU f m ™ d a Compatible tooth bad 5 
122 (FIG 3) is produced. The bud 122 is placed in an 
opening 123 in the alveolar bone and packing material 
placed around or on top of the bud 122. The size of 
opening 123 can vary as desired. The packing around 
bud 122 can comprise HAC 124, hydroxyapatite. WcSd 10 

The bud 122 grows into a full grown tooth in the same 
ES^E i'^ h bUdS Which in the jaws of ^nTl! 

stead ofbud 58* ICCth 8 ^° W inl ° fuU toe*- K- 
ES£ H • M ;fr ml,y ^genetically produced 15 

location in the alveolar bone As u/n».M *1 • 2 

by those ski,.ed in ,he J^S^SSSSt 
als can be mserted in the body lo eiu* the bodi ?o 

any other des.red soft and hard tissue in the body 
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DECLARATION OF RICHARD HEUSER. M.D. 

I Richard Heuser declare as follows: 

1. I have offices at 525 North 18 th Street, Suite 504, Phoenix, Arizona 85006. 

2. My Curriculum Vitae ("CV") is attached hereto as Exhibit A. 

3. In addition to my CV, I am currently Director of Cardiovascular Research 
at St. Joseph's Hospital and Medicine Center, and I serve as Clinical 
Professor of Medicine at University of Arizona College of Medicine. 
Over the past six years, I have worked in gene therapy, as well as muscle 
regeneration for the treatment of cardiomyopathy. 

In my CV, you will note reference to work that was done with Sulzer 
Medical involving a rabbit hind limb model to stimulate peripheral 
vascular disease. I injected a growth mixture that included FGF, etc. into 
the hind limb model. 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter," I developed 
a technique to deliver radiofrequency (PMR), In the full embodiment of 
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the patent, I discuss delivery of protein and/or muscle cells in the 
myocardium using the inventive technique. 

I have been involved as a member of the scientific advisory board with the 
world leader in cardiomyocyte regeneration, Bioheart, Miami Lakes, 
Florida. This company has been involved with laboratory and clinical 
trials using skeletal muscle cultured and modified. The sample is then 
delivered into the myocardium via a surgical or catheter approach. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; at page 37, lines 
19-25; at page 44, line 19 through page 46, line 16; and at page 47, line 22 
through page 48, line 15. A copy of such disclosures is attached hereto as 
Exhibit B. 

5. I note that the disclosures referenced in above Paragraph 4 relate to using 
a growth factor for promoting the growth of soft tissue, and more 
specifically, to a method of using a cell, such as a stem cell, to grow soft 
tissue, such as an artery. 

6. I am aware of and have considered the definition of growth factor in the 
specification of the above-referenced patent application at page 20, line 10 
through page 21, line 15. Such definition is set forth in Exhibit C. Also 
included in Exhibit C is a definition from the medical dictionary, 
MEDLINE plus: Merriam-Webster Medical Dictionary, a service of the 
U.S. NATIONAL LIBRARY OF MEDICINE and the NATIONAL 
INSTITUTES OF HEALTH. I find that the dictionary definition is 
consistent with that contained at page 20, line 10 through page 21, line 15 
of the above-referenced patent application. I believe that both definitions 
are appropriate for use in the field of tissue growth and would be 
understood by one skilled in the medical arts. Accordingly, I am adopting 
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and utilizing the definition contained in the patent application throughout 
this declaration. 

7. I have read and understood the claims set forth in Exhibit D and have been 
informed that such claims are present in the above-referenced patent 
application. It is my opinion that those skilled in the medical arts, reading 
such claims would understand that cells including stem cells, are species 
of living organisms. 

8. The publication in attached Exhibit E illustrates that placement of a 
growth factor, including cells, and more specifically, stem cells, in a 
human patient forms soft tissue, such as an artery. This publication reports 
work performed by reputable, skilled scientists and reputable 
organizations in the medical arts. Consequently, I believe that these 
reports would be recognized as clearly valid by one of ordinary skill in the 
medical arts because they report the results of scientific tests conducted by 
competent, disinterested third parties with use of proper scientific controls. 

9. Based upon above Paragraphs 4-8, it is my opinion that introducing a 
growth factor, including cells, and more specifically, stem cells, in the 
body of a human patient will predictably result in the growth of soft tissue, 
such as an artery. 

10. Based upon above Paragraphs 4-7, it is my opinion that one skilled in the 
medical arts, armed with the knowledge in such paragraphs, would be able 
to practice the method set forth in Exhibit D without need for resorting to 
undue experimentation. 

1 1 . Declarant states that the above opinion was reached independently. 



3 



Docket No. I000-10-CP 
Heuser Declaration 

Declarant underhand* «ha. (,) any wiHfiu false statements and the like made 
here* are pumshaWe by fine or urgent, or both (,8 U.S.C. ,001) and may 
jeopards the validity „f ^ mlicatim m my ^ 

statements made of DeCaranfs own know.edge are tnte and tha, all stents L on 
information and belief are believed to be true. 

Further Declarant sayeth not. 



Date: 
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EXHIBIT A 



CURRICULUM 
VITAE 



ADDRESS: 



pnilCATION: 

1969 - 1972 

i 

1972 - 1976 



Curriculum Vitae 
Richard Ross Heuser, M.D., F.A.C.C., F.A.C.P. 



525 North 18 th Street, Suite 504 
Phoenix, Arizona 85006 
(602) 234-0004 
(602) 234-0058 (fax) 
phoenixhe artfS ) f earthlirik.riet 



University of Wisconsin 
Honors in Chemistry 
Phi Beta Kappa 

Evan Helfaer Scholarship in Chemistry 

University of Wisconsin School of Medicine 
Graduation with. Honors - May 1976 
Alpha Omega.. Alpha 
Evan Helfaer Scholarship in Medicine 



POST GRAD "ATg TRAINING: 



1976 - 1977 

1977 - 1979 
1979 - 1981 
LICENSURE: 

EMPLOYMENT: 

December 2002 - Present 

April 2001 - Present 
June 2000 - Present 



Internship in Medicine 
The Johns Hopkins Hospital 
Baltimore, Maryland 

Residency in Medicine 
The Johns Hopkins Hospital 
Baltimore, Maryland 

Fellowship^ Cardiology 
The Johns Hopkins Hospital 
Baltimore/ Maryland 



State of.Arizpna, License #19703 
State of New 1 Mexico, License #83-220 



Director of Cardiovascular Research 
St. Joseph's . Hospital and Medical Center 
Phoenix, Arizona 

Cardiac Cath Lab Director 

St. Luke's Medical Center, Phoenix, Arizona 

Medical Director 

Discovery Alliance, Phoenix, Arizona 



1998 - June 2000 



Director , 

Phoenix Research Center, Phoenix, Arizona 



April 1997 - Present 
December 1999 - Present 
April 1997 - December 1999 
April 1990 - April 1997 
July 1983 - April 1990 
July 1982 - June 1983 
June 1981 - July 1982 



Medical Director v 
Phoenix Heart Center, Phoenix, Arizona 

Director..of Research _ . . nn . 

St. Luke's Medical Center, Phoenix, Arizona 

Director of Research and Education 

Phoen^ Regional Medical Center, Phoen.x, Arizona 

Director of Research and Education 
Arizona Heart Institute, Phoenix, Arizona 

^MeS^art Clinic, Albuquerque, New Mexico 

l^n^^I.rA-ocW»,Hou«»n,T«« 

Instructor in Medicine, Cardiology 

The Johns Hopkins Hospital, Baltimore, Maryland 



ppnPFgfilONril »,pp«TMTMENTSt 

1981 - July 1982 



July 1982 - June 1983 
July 1983 - February 1990 
April 1984 - June 1986 



June 1986 - April 1990 
May 1996 - April 1997 



Instructor in Medicine - Cardiology 
?S2w£ Maryland 

Instructor in Medicine, Cardiology 
Baylo^oliegejaLMedij:^ 

Director, Interventional Cardiology M . rn 

New Mexico Heart Clinic, Albuquerque, New Mexico 

rr.nirai Assistant Professor of Medicine 
SSity'^w Mexico, Albuquerque, New Mexico 

Director, Medical Residency Program 

Sew^exfco Heart Clinic, Albuquerque, New Mexico 

riiniral Associate Professor of Medicine 

SnSw ^ew Mexico, Albuquerque, New Mex.co 

Director, Interventional Cardiology 

Ahzo7a Heart Institute Foundation, Phoen.x, Arizona 



Sept 1995 - December 1999 ^^SSS^A^ 



December 1990 - Present 
April 1990 - April 1997 



Clinical Associate Professor of M ed £' ne 
University of Louisville, Louisville, Kentucky 

Director of Research and Education »;,,„„-, 
Arizona Heartlnstitute Foundation, Phoen.x, Arizona 
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Richard R. Heuser 



M.D- 



April 1997 . December 1999 = ^S^^^ ^ 

pn&on MEMBERSHIPS: 



pancFSSIONr MEMBERSHIPS: 

Fellow, American College of Angiology ; 
Fellow, American College of Cardiology 
Fellow, American College of Phyaa-ns 

Member, American Heart Association 
Member, American Medical Association 

Member, New Mexico Medical Society 
Member, Harris County Medical Society 

Member, Who's Who in Medicine and -Healthcare 2002 2003 

ri TMTrAL AP" Tcnpv BOARDS: 

Advanced Cardiovascular Systems 

Mansfield Scientific Interventional Board 

SSToard Society of Heart F.IUH. 

cmTORTAL BOARDS: 

Catheterization and Cardiovascular-pjagnosis 

- cardiac Angiography and Inten,entions 

Abstract Grader TCT 



rt&TH SAFET Y BOARDS: 

ICEM Data Safety Monitoring Board 



06/ A/03 



coated BiodivY^ Stent for the Reduction of Resetnos.s 

r ^ciiiTANT TO; 

ph it-nr* of the Annals of Internal Medicine - 
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PAKE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidicftasis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 

-Bl- 



\ 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
capsule form or in some other containment system, be inserted to a desired site in the body by 
imply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 37. LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 



in 



si: 



-B2- 



PAHF 44. LINF. 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoters), or any 
other desired auxiliary components) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
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promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factors) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
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grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 

P AHtt 47. LINK n - PAGF - 48. LINE 15 

Organs and/or tissues can be formed utilizing the patient's own cells. For example, a 
skin cell(s) is removed from the intraoral lining of a cheek. The cell is genetically screened to 
identify DNA damage or other structural and/or functional problems. Any existing prior art 
genetic screening technique can be utilized. Such methods can utilize lasers, DNA probes, PCR, 
or any other suitable device. If the cell is damaged, a healthy undamaged cell is, if possible, 
identified and selected. If a healthy cell cannot [sic] be obtained, the damaged cell can be 
repaired by excision, alkylation, transition or any other desired method. A growth factor(s) is 
added to the cell to facilitate dedifferentiation and then redifferentiation and morphogenesis into 
an organ or function specific tissue. Any machine known in the art can be used to check the 
genetic fitness of the organ and its stage of morphogenesis. A cell nutrient culture may or may 
not be utilized depending on the desired functional outcome (i.e., growth of an artery, of 
pancreatic Islet cells, of a heart, etc.) or other circumstances. Replantation can occur at any 
appropriate stage of morphogenesis. The foregoing can be repeated without the patient's own 
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cells if universal donor cells such a [sic] germinal cells are utilized. Germinal cells do not 
require a dedifferentiation. They simply differentiate into desired tissues or organs when 
properly stimulated. Similarly, the DNA utilized in the foregoing procedure can come from the 
patient or from any desired source. 

During reimplantation one of the patient's own cells is returned to the patient. During 
implantation, a cell not originally obtained from the patient is inserted on or in the patient. 

In the example above, if germinal cells (and in some case, stem cells) are utilized a direct 
differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 
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EXHIBIT C 
DEFINITIONS 

PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is abacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 



-CI - 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



MEDLINE PLUS: MERRIAM- WEBSTER MEDICAL DICTIONARY 

A^ERVntCE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 
NATIONAL INSTITUTES O F HEALTH . 

Growth factor: a substance (as a vitamin B u or an interleukin) 
that promotes growth and especially cellular growth 



-C2- 



EXHIBIT D 
CLAIMS 



EXHIBIT D 
CLAIMS 

APPLICATION SERIAL NO. 10/179,589 

159. A method of growing an artery comprising the steps of placing a cell in a 
body of a human patient and growing an artery in said body. 

1 60. The method of claim 1 59, wherein said cell comprises a stem cell. 

161. The method of claim 160, wherein said stem cell comprises living stem cells 
harvested from bone marrow. 

162. The method of claim 161, wherein said bone marrow is from said patient. 

163. The method of claim 160, wherein said living stem cells are harvested from 
blood. 

164. The method of claim 163, wherein said blood is from said patient. 

165. The method of claim 160, wherein said stem cell is obtained from cell culture 
techniques. 



-Dl- 



EXHIBIT E 
PUBLICATIONS 



Clinical Investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Bodo E. Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kostering, MD; 
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler, PhD; Peter Wernet, MD 

Background— Experimental data suggest that bone marrow- derived cells may contribute to the healing of myocardial 
infarction (Ml). For this reason, we analyzed 10 patients who were treated by intracoronary transplantation of 
autologous, mononuclear bone marrow cells (BMCs) in addition to standard therapy after Ml. 

Methods and Results — After standard therapy for acute MI, 10 patients were transplanted with autologous mononuclear 
BMCs via a balloon catheter placed into the infarct-related artery during balloon dilatation (percutaneous transluminal 
coronary angioplasty). Another 10 patients with acute Ml were treated by standard therapy alone. After 3 months of 
follow-up, the infarct region (determined by left ventriculography) had decreased significantly within the, cell therapy 
group (from 30± 13 to 12±7%, P=0.005) and was also significantly smaller compared with the standard therapy group 
(P=0.04). Likewise, infarction wall movement velocity increased significantly only in the cell therapy group (from 
2.0±1.) to 4.0*2.6 cm/s, P= 0.028). Further cardiac examinations (dobutamine stress echocardiography, radionuclide 
ventriculography, and catheterization of the right heart) were performed for the cell therapy group and showed 
significant improvement in stroke volume index, left ventricular end-systolic volume and contractility (ratio of systolic 
pressure and end-systolic volume), and myocardial perfusion of the infarct region. 

Conclusions — These results demonstrate for the first time that selective intracoronary transplantation of autologous, 
mononuclear BMCs is safe and seems to be effective under clinical conditions. The marked therapeutic effect may be 
attributed to BMC-associated myocardial regeneration and neovascularization. (Circulation. 2002;106:1913-1918.) 

Key Words: myocardial infarction ■ cell transplantation, intracoronary ■ angiogenesis ■ bone marrow ■ myogenesis 



Remodeling of the left ventricle after myocardial infarc- 
tion (M0 represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chronic transformation of both the necrotic infarct region and 
the non-necrotic, peri-infarct tissue. 1 * 2 Despite application of 
pharmacotherapeutics and mechanical interventions, the car- 
diomyocytes lost during MI cannot be regenerated. The 
recent finding that a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 3 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions. 4 - 7 An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation. 8 - 10 Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in turn to amelioration of cardiac 
function in mice and pigs.' 1-14 However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward. 15 Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients. 16 However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 



Received August 2, 2002; accepted August 2, 2002. 

From the Department of Medicine, Division of Cardiology fB.E.S., M.B., T.Z., MX) and Institute for Transplantation Diagnostics and Cell 
Therapeutics (A.H.. R.V.S., G.K., P.W.), Heinrich-Heine- University of DQsseldorf, Germany. 

Correspondence to Professor Dr Bodo E. Strauer, Department of Medicine, Division of Cardiology, Heinrich-Heine- University, Moorenstr 5. 40225 
DQsseldorf. Germany. E-mail Strauer@med.uni-duessetdorf.de 

€ 2002 American Heart Association. Inc. 

Circulation is available at http://www.ci rculationaha.org DO!: 10.11 61/0 1.CIR.0000034W6.87607. 1 C 



1913 



1914 Circulation October 8, 2002 




Figure 1. Procedure of cell transplantation Into 
infarcted myocardium In humans, a. The bal- 
loon catheter enters the Irtfarct-related artery 
and is placed above the border zone of the 
Infarction. It is then inflated and the cell sus- 
pension Is infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the Infarcted zone via the mfarct- 
related vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue arid white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 39 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n»4), left circumflex coronary artery 
( n =3), or right coronary artery (n«13). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after toferction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure . of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, DOsseldorf, approved the study 
protocol All procedures conformed to institutional guidelines. 

Before talcing part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid, 
an ACE inhibitor, a 0-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(-40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n* 10). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lysed with H 2 0. For overnight 



cultivation, 1 X10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3%. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 10 7 ; this consisted of 
0.65 ±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positivc 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1 X 10 s 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture.. 

Intracoronary Transplantation of BMCs 
Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former in&rct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X 10 6 mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed." 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used. 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobatamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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TABLE 1. Baseline Characteristics of the Patients 



Clinical Data 



Cen 
Therapy 



Standard 
Therapy 



Characteristics 

No. of patients 10 10 

Age, y 49±10 50 ±6 NS 

Sex Male Male 

Onset of Infarction before angioplasty, h 10±8 13±11 NS 
Coronary angiography 

No. of diseased vessels 1J±0.9 2.1 ±0.7 NS 

No. of patients with LAD/LCXmCA as the affected vessel 4/1/5 0/2/8 

No. of patients with stent implantation 9 10 
Laboratory parameters 

Creatinine kinase, U/L 1138*1170 1308±1187 NS 

Creatinine Wnase-MB, U/L ^ 106±72 124 ±92 NS 

Bone marrow puncture after angioplasty, d 7±2 

Mononuclear bone marrow cells, n (X10 7 ) 2.8 £2.2 
Values are mean* SO or number of patients. 

NS indicates not significant; LAO, left anterior descending coronary artery; LCX, left circumflex 
coronary artery; and RCA, right coronary artery. 



stress-redistribution-reinjection 101 thallium scintigraphy. The con- 
tractility index P^/ESV was calculated by dividing LY systolic 
pressure (P^„) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bullVeye technique. Each examination 
was performed according to standard- protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0.0S. Discrete variables were compared as 
rates, and comparisons were made by x 1 analysis. Intra-individual 
comparison of baseline versus follow-up continuous variables was 
performed with a paired t test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Whitney test. Statistical analysis was performed with SPSS 
for Windows (version 10.1). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table 1). 

Comparison of the 2 groups 3 months after cell or standard 
iherapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30* 1 3 to I2±7%, />=0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (P=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 ±8 
to 20* 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0±l.l to 4.0+2.6 cm/s, / > =0.028) but not in the 
standard therapy group (from 1.811.3 to 2.311.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificantly (from 57 ±8 to 62 ± 10% in the cell therapy 
group and from 60±7 to 64 ±7% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174+99 to 128171 cm 2 , />=0.0I6, assessed by 
^'thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49±7 to 56±7 mL/m 1 , P=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13%, 
/>«NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from I58±20 to 143*30 mL, P=NS) 
and end-systolic volume (from 82 ±26 to 67±21 mL, 
/^O.OI 1). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4,2 to 
24.4±7.7 mm/s, / > =NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.8 1 ±1.44 to 2.27±1.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of in fare ted 
tissue when applied during the immediate postinfarction 
period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. comparison «f Cell Therapy and' standard Therapy Groups 



No. of patients 

Infarct region as functional defect 
Hypokinetic, akinetic, or dysWnetlc region at 0 mo, % 
Hypokinetic, akinetic or dyaWnette region at 3 mo. % 
P 

Contractility Indices 
(nferctkmwaJlmove^ 
InfarcttOTV^InKrvem^ 

P 

Hernodynamic data 
UV ejection fraction at 0 mo, % 
LV election fraction at 3 mo, % 

analysis of left ventrteutogram. 



Cell 


Standard 


Therapy 


Therapy 


10 


10 


30±13 


25±8 


12±7 


20±11 


0.005 


NS 


2.0*1.1 


1.8±1.3 


4.022.6 


2.3*1.6 


0.028 


NS 


57±8 


60+7 


S2±10 


64±7 


NS 


NS 



NS 
0.04 



NS 
NS 



NS 
NS 



and effective therapeutic procedure for conc^tmg and/or 
dMOsitina infused cells within the region of interest 

CcneSsTboth cardiomyocytes and coronary capiUa^ 
ies wXsome functional improvement has been shown 
!T by several investigators using bone marrow-denved 
n eiSmental infarction.' Moreover, tnrns- 

corporation of cells into heart muscle nM ^ n oo»rved 
^mentally yna " 2t Until now, clinical data only existed 
2T3r therapy of surgically treated chronic ischemic 
h^rtota ""Our aim was to transform the encouraging 

al questions we had to address while designing and 




Figure 2. Improved myocardial P^ZSSSSSS^ 
wall 3 months after 1"^°"^^^^^^ ^.um 
quent to an acute antertor waBlnfa^ d^^^ ^ ^ 

scintigraphy "The imageson the left ^ sag^ ^ ^ (c 
middle (B. E) show the ^9 .f' 5 ' ^"t!r: lnWa i,y the anterior 
F. frontal) show the short axis of * e JJ*yj3ons had 
wall, with green<olorod ap^ an |^^*™tte 5ter cell 
reduced myocardial perfusion (A, B, CJ. ™^S»h«*>r. 
transplantation the same anterior ^j^S^on (D. 
revealed a significant improvement ^rnyocard'al perfusion p. 
E, F). All illustrations depict the exeroeo phase. 



realizing this trial were: (I) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown ^ that 
environmentally dictated changes of fate <^*>»*"f 
are not restricted to stem cells but may also involve progen- 
2 cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases " Adult, mononuclear BMCs contain such stem and 
progenitor colls eg, mesodermal progeny ceUs 

hematopoietic progenitor cells, and endothehal progenitor 
ceT In severai animal infarction models it has been shown 
that- (1) Bone marrow hemangioblasts contribute to the 
fonnation of new vessels; (2) bone marrow herr*topoiet»c 
stem cells differentiate into cardiomyocytes. endothelium, 

TABl£3. Cardiac Function Analysts at 3-Month Folloiw-Up 
— " Before Cell 3 Months Alter 



No. of patients 
Hemodynamic data 
LV election fraction. % 
Stroke volume index, mL/m* 
Cardiac geometry 

LV end-dlastolic volume, mL 

LV end-systolic volume, mL 
Contractility Indices 

arcumferentlal fiber shortening, 

mm/s 

Pa^ESV, mm Hg/mL 
Infarct region as perfusion defect 
"Thallium scintigraphy, cm 1 



Therapy 


Cell Therapy 


P 


10 


10 




51 ±14 
49±7 


53±13 
56±7 


NS 

0.010 


158±20 
82±26 


143±30 
67 ±21 


NS 
0.011 


20.5±4.2 


24.4±7.7 


NS 


1.81 ±1.44 


2.27±1.72 


0.005 


174±99 


128*71 


0.016 



NS indicates not significant 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
\2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data. 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute MI 
in humans. 
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